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PREFACE. 


The  fact  that  a  knowledge  of  Physics  is  indispensable  to  a 
thorough  understanding  of  Medicine  has  not  yet  been  as  fully 
realized  in  this  country  as  in  Europe,  where  the  admirable 
works  of  Desplats  and  Gariel,  of  Robertson,  and  of  numerous 
German  writers,  constitute  a  branch  of  educational  literature 
to  which  we  can  show  no  parallel.  A  full  appreciation  of 
this,  the  author  trusts,  will  be  sufficient  justification  for  placing 
iu  book  form  the  substance  of  his  lectures  on  this  depart- 
ment of  science,  delivered  during  many  years  at  the  Univer- 
sity of  the   City  of  New  York. 

Broadly  speaking,  this  work  aims  to  impart  a  knowledge 
of  the  relations  existing  between  Physics  and  Medicine  in 
their  latest  state  of  development,  and  to  embody  in  the 
pursuit  of  this  object  whatever  experience  the  author  has 
gained  during  a  long  period  of  teaching  this  special  branch 
of  applied  science.  In  certain  cases  topics  not  strictly  em- 
braced in  the  title  have  been  included  in  the  text — for  ex 
ample,  the  directions  for  section-cutting  and  staining;  and 
in  other  instances  exceptionally  full  descriptions  of  apparatus 
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have  been  given,  notably  of  the  microscope;    but  in  view  of 
the    importance    of   these    subjects,   the    course    pursued   will 
doubtless  be  approved.    Attention  may  be  called  to  the  para- 
graph headings  and  italicized  words,  which  suggest  a  system 
of  questions  facilitating  a   review'   of  the  text. 

In  conclusion,  the  author  will  feel  that  his  labor  has  not 
been  in  vain  if  the  work  should  serve  to  call  deserved 
attention  to  a  subject   hitherto  slighted   in   the  curriculum   of 

medical  education. 

JOHN  C.  DRAPER. 

Medical  Department  of  the 
University  of  the  City  of  New  York. 

June  1,  188;">. 
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SECTION  I. 


PROPERTIES  OF  MATTER. 


INTRODUCTION. 

Derivation  of  physics — Relation  to  metaphysics — Relation  to  mathematics — Rela- 
tion to  chemistry — Relation  to  mechanics — Medical  physics — Perception  of 
physical  phenomena — Divisions  of  physics — Matter  defined. 

1.  Derivation. — The  word  physics  is  derived  from  ^iwc,  nature. 
It  is  the  science  of  nature,  or  natural  philosophy. 

2.  Relation  to  Metaphysics. — It  is  that  branch  of  knowledge 
which  has  for  its  subject  all  things  which  exist  independently  of 
the  mind's  conception  of  them.  It  thus  stands  distinct  from 
metaphysics,  or  the  science  which  has  for  its  subject  the  ideas 
which  exist  in  the  mind  only. 

3.  Relation  to  Mathematics. — While  many  of  the  laws  of 
physics  may  be  discussed  from  a  mathematical  point  of  view, 
there  is  a  broad  difference  between  mathematics  and  physics. 
To  illustrate  this  we  quote  the  words  of  Hcrschel  in  his  essay 
"On  the  Study  of  Xatural  Philosophy" — u A  clever  man,  shut 
up  alone,  and  allowed  unlimited  time,  might  reason  out  for 
himself  all  the  truths  of  mathematics  by  proceeding  from  those 
simple  notions  of  space  and  number,  of  which  he  cannot  divest 
himself  without  ceasing  to  think.  But  he  could  never  tell 
by  any  effort  of  reasoning  what  would  become  of  a  lump  of 
fiQgar  if  immersed  in  water,  or  what  impression  would  be  pro- 

'  duced  on  his  eye  by  mixing  the  colors  yellow  and  blue."  The 
essential  difference  between  the  two  sciences,  therefore,  is  that 
physics  is  a  science  of  observation  and  experiment,  while  mathe- 
niatics  may  be  evolved  by  the  reasoning  faculty  alone. 

Physics  is  an  inductive  science  evolving  a  general  principle 
from  special  facts. 
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Mathematics  is  a  deductive  science  drawing  a  particular  truth 
from  a  general  principle.  Mill  says,  mathematics  is  the  most 
perfect  type  of  the  deductive  method. 

4.  Relation  to  Chemistry. — Fhysics  deals  with  all  the  phenomena 
and  modifications  which  bodies  present,  so  long  as  they  are  not 
changed  in  composition.  In  this  respect  it  is  separated  from 
chemistry,  which  treats  of  the  composition  of  bodies  and  the 
changes  therein. 

5.  Relation  to  Mechanics. — Mechanics  is  that  division  of  physics 
which  treats  of  the  principles  involved  in  the  construction  and 
action  of  machines.  In  consequence,  we  find  the  term  animal 
mechanics  frequently  applied  to  the  consideration  of  those 
functions  of  the  body  which  resemble  the  actions  of  machines. 

6.  Medical  Physics  discusses  the  laws  and  phenomena  of 
physics,  with  which  the  physician  should  be  acquainted,  to 
understand  the  processes  of  life,  and  also  those,  a  knowledge  of 
which  is  necessary  for  the  improvement  of  the  hygienic  condition 
of  the  community  in  which  he  lives.  In  evidence  of  the 
manifold  and  varied  applications  of  physics  in  medicine,  the  fol- 
lowing examples  arc  cited : 

1.  The  explanation  of  the  function  of  respiration  on  the 
principles  of  pneumatics  and  diffusion  of  gases. 

2.  The  influence  of  latent  heat  in  the  maintenance  of  a  fixed 
temperature  in  all  hot-blooded  animals. 

3.  The  dependence  of  the  phenomena  of  circulation  of  the 
fluids  of  the  body  on  the  laws  of  hydrodynamics  and  hydraulics. 

4.  The  application  of  the  principles  of  capillarity  to  the 
explanation  of  absorption  and  secretion. 

5.  The  explanation  of  the  action  of  the  locomotive  system  on 
the  principles  involved  in  levers,  with  the  numerous  forms  of 
surgical  apparatus  dependent  on  levers  and  wedges. 

6.  The  elucidation  of  the  action  of  the  organs  of  vision  and 
of  hearing,  by  the  laws  of  optics  and  acoustics. 

7.  Last  though  not  least,  the  relations  of  meteorology  to 
animal  heat,  and  to  the  appearance,  advance,  and  retrogression 
of  various  diseases. 

Munv  other  examples  might  be  offered  to  show  that  physics 
rivals,  if  it  does  not  surpass  chemistry  in  the  explanation  of  the 
phenomena  of  life.  It  is  no  exaggeration  to  say  that  there 
is  not  a  tissue,  organ,  or  function  of  the  body,  the  proper  com- 
prehension of  which  does  not  involve  a  knowledge  of  the  laws 
of  physics.  We  may  with  equal  justice  affirm  that  there  is 
scarcely  a  principle  of  physics  which  is  not  applied  in  some  form 
in   the*  human    body.     The  importance   of  the  study   of   this 
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department  of  science  will,  therefore,  be  self-evident  to  every 
true  student  and  practitioner  of  medicine. 

The  disregard  which  physicians  in  the  United  States  have 
hitherto  shown,  for  even  a  superficial  knowledge  of  physics, 
is  unpardonable.  This  arises  in  part  from  the  newness  of  the 
country,  and  the  desire  to  make  money  quickly.  It  may  be  said 
that,  outside  of  our  great  cities,  very  few  practitioners  of  medi- 
cine have  any  conception  of  their  true  relations  to  the  community 
in  which  they  live.  They  move  in  a  narrow  groove,  and  their 
knowledge  is  founded  almost  exclusively  on  personal  experience. 

The  title,  physician,  has  honorably  escaped  the  odium,  that 
has  fallen  on  that  of  doctor.  Every  quack,  or  charlatan,  calls 
himself  a  doctor,  and  those  who  believe  in  him  yield  to  his 
assumption.  Not  so  with  the  title  of  physician.  Tne  word,  by 
its  derivation,  means,  one  haviug  a  knowledge  of  nature,  and  to 
be  physicians  in  the  true  sense  of  the  term,  we  must  extend  our 
knowledge  and  influence  beyond  the  mere  empirical  practice  of 
the  healing  art. 

The  true  physician  is  the  man  of  science  in  the  community  in 
which  he  lives.  He  interests  himself  in  the  sanitary  conditions 
of  his  vicinity.  He  warns  his  people  regarding  the  deadly 
germ9  that  may  exist  in  the  water  they  drink,  and  in  the  air  they 
breathe.  He  insists  on  the  proper  ventilation  and  warming  of 
their  public  and  private  buildings.  He  shows  them  the  impor- 
tance of  carefiil  removal  of  all  offal  and  sewage  from  their 
houses,  and  how  it  should  be  done.  He  teaches  them  how 
to  distinguish  wholesome  from  unwholesome  food,  and  how  to 
prepare  it  so  as  to  present  the  highest  nutritive  value.  As  far 
as  in  his  power  lies,  he  wards  oft  the  approach  of  disease,  and 
seeks  to  improve  hygienic  conditions,  so  that  the  power  to  resist 
disease  may  be  as  perfect  as  possible.  To  accomplish  this  work 
properly,  he  must  nave  knowledge,  not  only  of  the  principles  of 
physics  connected  with  the  functions  of  the  interior  of  the 
economy,  but  also  of  those  which  offer  the  most  favorable  con- 
ditions for  the  maintenance  of  health. 

7.  Perception  of  Physical  Phenomena. — The  phenomena  per- 
sented  by  bodies  generally  affect  one  or  more  of  our  special 
senses  directly,  as  when  they  are  sonorous,  warm,  luminous. 
Sometimes  the  changes  can  only  be  perceived  indirectly,  as,  for 
example,  when  a  mass  of  soft  iron  becomes  magnetic,  the  change 
is  best  detected  by  its  altered  relation  to  other  masses  of  iron, 
which  it  now  attracts;  whereas  it  failed  to  do  so  before  the 
magnetism  was  developed. 

8.  Divisions  of  Physics. — The  study  of  physics  arranges  itself 
naturally  under  two  divisions.     The  first  of  these  deals  with  the 
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things  or  objects  acted  upon.  These  are  grouped  together  under 
the  general  head  of  matter.  The  second  treats  of  energy,  or  the 
origin  of  the  forces  which  act  upon  matter,  and  produce  the 
varied  phenomena  which  matter  presents  for  our  consideration 
and  examination. 

Professor  Tait  says:  "The  fundamental  notions  which  occur 
to  us  when  we  commence  the  study  of  physical  science,  are  those 
of  time  and  spare.  In  relation  to  these,  algebra  has  been  called 
the  science  of  pure  time,  aud  geometry  of  pure  space."  The 
study  of  the  special  mixed  science  of  space  and  time  is  called 
kinematics. 

Close  upon  our  ideas  of  time  and  space  follow  those  of  matter, 
position,  motion,  force.  Of  these,  position  is  a  space  relation  or 
geometrical  conception.  Motion  is  change  of  position,  which, 
since  it  varies  in  rate,  implies  the  idea  of  time  as  well  as  space. 
They  are  both  independent  of  our  conceptions  of  •natter  and 
force,  or  rather  of  energy,  which  may  be  defined  as  the  power  of 
doing  work,  or,  as  Tait  puts  it,  "of  doing  mischief; ,?  and  which 
we  may  regard  as  the  cause  of  force. 

"As  silver  and  gold  are  different  forms  of  matter,  so  sound, 
heat,  light,  etc.,  are  now  viewed  as  different  forms  of  energy.  It 
is  this  idea  which  enables  us  to  coordinate  the  apparently  aiverse 
sciences  which  constitute  physics.  In  its  application  we  are  ever 
obliged  to  be  on  our  guard,  in  respect  to  the  manner  in  which  we 
treat  the  evidences  afforded  bv  our  sensations.  Take,  for  ex- 
ample,  sound  and  light;  until  they  affect  certain  special  senses 
they  are  wave-motions.  The  sensation  is  as  different  from  the 
cause,  as  the  pain  produced  by  a  cudgel  is  different  from  its 
motion." 

So  intimate  are  the  relations  between  matter  and  energy,  that 
it  is  impossible  to  consider  matter,  without  at  the  same  time 
dealing  with  certain  forms  of  energy,  as  attraction  and  motion, 
which  are  inseparable  from  and  inherent  in  matter.  We  shall, 
therefore,  as  occasion  arises,  examine  the  leading  features  of 
these  two  forms  of  energy,  as  far  as  is  necessary  for  the  proper 
comprehension  of  the  constitution  and  forms  of  matter,  and 
reserve  their  more  detailed  study  to  the  division  of  energy  proper. 

9.  Matter  Defined. —  The  most  concise  definition  of  matter  is  that  it 
is  anything  which  may  be  perceived  by  one  or  more  of  our  special 
senses  as  occupying  space.  Everything  not  so  perceptible  is  called 
immaterial.  We  may,  perhaps,  best  realize  the  difference 
between  the  terms  material  and  immaterial  by  an  example;  so, 
while  the  body  is  material,  the  mind  or  the  soul  is  immaterial ; 
while  the  universe  presents  the  material  on  its  grandest  scale, 
the  creator  and  ruler  becomes  to  us  the  noblest  illustration  of  the 
immaterial.    The  pride  which  we  feel  in  our  accumulated  knowl- 
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edge  is  humiliated,  when  we  realize  how  incompetent  our  finite 
minds  are  to  grasp  the  ideas  presented  by  the  universe  and 
its  creator.  We  may,  it  is  true,  fathom  the  meaning  of  space, 
so  long  as  it  is  confined  to  measurements  which  we  can  execute; 
but  infinite  space  like  that  embraced  by  the  universe  surpasses 
our  comprehension.  Time  may  be  realized  while  limited  to 
small  portions  of  the  brief  span  comprised  in  a  lifetime;  but  no 
human  mind  has  ever  compassed  the  idea  of  eternity,  that 
endless  time,  before  which  even  the  grandest  intellect  stands 
humbled  and  appalled.  So  energy  in  its  turn  may  be  realized 
while  it  remains  shackled  within  the  control  of  our  individual 
physical  powers,  but  we  cannot  frame  the  first  conception  of  an 
energy,  or  a  force  which  is  almighty,  which  governs  the  universe, 
regulates  the  motions  of  planets  and  suns,  and  which  many 
imagine  may  even  have  created  matter. 


CHAPTER    I. 

STRUCTURE  OR  CONSTITUTION  OF  MATTER. 

Subdivisions  of  matter — Mechanical  subdivision — Particles — Minute  living  organ- 
urns— Subdivision  by  solution — Chemical  subdivision — Atom  and  molecule 
defined — Origin  of  the  idea  of  atoms — Cohesion — Effects  of  heat  and  pressure 
on  matter — The  molecules  do  not  touch — Motion  among  molecules — Theory 
of  the  structure  of  matter — Relative  sizes  of  molecules  and  interstices — Esti- 
mated actual  sizes  of  molecules  and  interstices — Imperfection  of  so-called 
vacua — Omnipresence  of  matter. 

To  understand  the  changes  which  matter  presents,  and  the 
influence  of  forces  thereon,  it  is  necessary  to  determine  the  struc- 
ture or  constitution  of  matter.  By  means  of  the  following 
experiments  and  investigations,  we  shall  arrive  at  a  satisfactory 
solution  of  this  problem. 

10.  Subdivision  of  Matter  may  be  of  three  kinds,  or  degrees, 
^•cording  to  the  methods  employed.  These  are:  1,  Mechanical 
toeans  of  various  kinds;  2,  Solution  either  of  a  solid  in  a  fluid, 
or  of  a  solid  or  fluid  in  air;  3,  Chemical  processes. 

U.  Mechanical  Subdivision. — If  we  place  a  portion  of  chalk  in 
*  porcelain  mortar  and  pound  it  with  the  pestle,  it  breaks  into 
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fragments,  which  become  smaller  and  smaller  as  the  pounding 
or  blows  are  continued,  until  finally  the  whole  mass  is  reduce! 
to  a  coarse  powder.  This  process  is  known  as  pulverization.  To 
reduce  the  coarse  to  a  fine  powder,  the  contents  of  the  mortar 
are  submitted  to  a  grinding  operation,  by  rubbing  them  in  the 
mortar  with  the  pestle.  This  is  called  trituration.  Many  other 
methods  of  mechanical  subdivision  will  suggest  themselves,  but 
these  answer  our  purpose  for  the  present. 

12.  Particles. — The  fine  powder  produced  by  trituration,  though 
it  appears  to  be  impalpable,  if  examined  under  the  microscope 
with  a  sufficiently  high  power  is  seen  to  be  made  up  of  minute 
masses,  which  are  called  particles.  A  particle  may,  therefore,  be 
defined  as  the  minutest  subdivision  of  matter  attainable  by  mechanical 
means.  In  the  case  of  mercury  this  subdivision  may  be  carried 
on  until  the  globules  are  less  than  the  ^0^00  ofan  inch  in 
diameter,  as  in  blue  mass.  The  smallest  single  particle  discov- 
erable by  the  normal  unassisted  human  eye  is  generally  stated 
to  be  about  »0100  of  an  inch  in  diameter.  In  this  method  of 
subdivision  the  particles  retain  all  the  physical  properties  pre- 
sented by  the  original  mass,  viz.,  the  color,  hardness,  etc.,  being 
unaltered. 

13.  Minute  Living  Organisms. — Though  our  senses  can  with 
difficulty  appreciate  the  minuteness  of  the  particles  attainable 
by  mechanical  subdivision,  yet  these  are  rivalled  and  even  ex- 
ceeded in  smallness  by  innumerable  living  organisms.  The  red 
corpuscle  or  disks  which  are  found  in  human  blood,  for  ex- 
ample, are  often  4A0  of  an  inch  in  diameter  and  scarcely  «afl00 
of  an  inch  thick.  One  of  the  most  minute  of  the  animalcules 
is  the  monas  crepisadum,  or  twilight  monad.  This  little  creature 
is  carnivorous  in  its  habits,  its  globular  body  is  sometimes  only 
y^J-^  of  an  inch  in  diameter,  yet  it  has  distinct  organs,  made 
up  ot  innumerable  particles,  and  thereby  shows  us  that  small 
as  are  the  particles  attainable  by  mechanical  subdivision,  there 
are  subdivisions  which  are  infinitely  more  minute. 

14.  Subdivision  by  Solution. — If  we  take  one-tenth  of  a  grain 
of  indigo  and  dissolve  it  in  a  little  strong  sulphuric  acid,  it  will 
jpve  a  blue  tint  to  five  hundred  ounces  of  water.  Such  a  solu- 
tion contains  less  than  one-millionth  of  a  grain  of  coloring 
matter  to  the  drop  of  fluid.     It  is  even  estimated  that  in  this 

case  the  particles  of  indigo  are  only  soooooogVoooooo  Part  of  a 
cubic  inch  in  size. 

When  a  grain  of  musk  is  exposed  in  a  room  it  will  give  its 
characteristic  odor  to  the  air  of  the  apartment  for  many  months. 
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yet  at  the  close  of  that  time  it  will  have  lost  only  a  small  frac- 
tion of  its  weight. 

In  these  examples  of  subdivision  and  diffusion  of  one  material 
throughout  another,  we  have  in  reality  separated  the  ultimate 
particles  of  one  substance  from  each  other  by  introducing  be- 
tween them  one  or  more  exceedingly  minute  particles  of  another 
substance.  If  the  dissolving  material  is  vastly  greater  in  mass 
than  that  dissolved,  we  may  even  approach  the  smallest  degree 
of  subdivision  of  which  the  dissolved  body  is  capable,  and  still 
retain  its  properties.  To  this  degree  of  subdivision  the  term 
molecule  is  applied. 

15.  Chemical  Subdivision. — Taking  a  portion  of  the  chalk  pow- 
der produced  by  mechanical  subdivision  (11),  and  pouring  dilute 
hydrochloric  acid  upon  it,  a  violent  effervescence  is  produced, 
and  at  last  the  chalk  disappears.  Testing  the  nature  of  the 
escaping  gas,  we  find  that  it  is  carbonic  acid  gas,  or  carbon  di- 
oxide, while  the  lime  of  the  chalk  remains  in  the  solution 
formed.  In  this  cast  we  have  by  chemical  action  torn  the 
molecule  of  chalk  asunder  and  produced  therefrom  a  molecule 
of  carbon  dioxide  and  a  molecule  of  calcium  chloride.  In  the 
same  maimer,  we  may  by  suitable  methods  separate  the  carbon 
dioxide  into  the  two  bodies,  carbon  and  oxygen.  Here  our 
power  ceases  for  the  present,  but  we  have  learned  that  the 
molecule  of  calcium  carbonate  forming  the  chalk  was  not  the 
last  stage  of  separation  of  which  that  body  was  capable.  From 
it  we  set  free  the  gaseous  carbonic  acid,  which  in  its  turn  was 
divisible  into  carbon  and  oxygen,  and  since  we  cannot  separate 
either  of  these  into  simpler  bodies  we  call  them  elements.  With 
these  facts  before  us,  we  are  prepared  to  understand  what  is 
meant  by  an  atom  and  a  molecule. 

16.  Atom  and  Molecule  Defined. — An  atom  is  the  smallest  conceiv- 
able portion  into  which  an  elementary  body  can  be  divided,  or  the 
smallest  portion  of  an  element  that  can  enter  into  combination. 

While  we  may  conceive  of  an  atom  of  oxygen  or  of  any  other 
elementary  body,  modern  chemistry  teaches  us  that  a  single 
atom  never  exists  in  the  free  state;  it  is  always  combined  with 
one  or  more  atoms  of  the  same,  or  of  a  different  kind.  The 
smallest  possible  free  portion  of  oxygen  must,  therefore,  consist 
of  at  least  two  atoms  of  this  body,  and  we  speak  of  this  as  a 
molecule  of  oxygen;  we  may  consequently  say  that  a  molecule  is 
composed  of  atoms,  and  is  the  smallest  portion  of  a  substance  capable 
°f  a  separate  existence.  The  term  molecule  may  be  applied  both 
to  elementary  and  compound  substances,  while  the  idea  of  an 
atom  is  only  applicable  to  elements. 
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17.  Origin  of  the  Idea  of  Atoms. — The  conception  of  the  atom 
descends  to  us  from  the  ancient  Greeks,  though  it  probably 
originated  in  India,  where  doctrines  similar  to  the  centres  of 
force  of  Boscovich  have  been  subjects  of  discussion  from  very 
remote  times.  Among  the  early  students  of  atoms  was  Leu- 
cippus.  lie  adopted  the  theory  of  atoms  because  all  arguments 
in  favor  of  infinite  divisibility  necessarily  ended  in  empty  words, 
or  in  incomprehensible  thoughts. 

18.  Cohesion. — For  the  subdivision  of  matter  we  have  seen 
that  force  is  necessary.  It  is,  therefore,  evident  that  some  op- 
posing force  exists  in  matter  by  which  its  molecules  are  united, 
or  bound  together.  To  this  the  name  of  cohesion  has  been 
given. 

Let  a  small  sheet  of  glass,  three  or  four  inches  square,  be  sus- 

E  ended  by  threads  and  so  adjusted  that  its  surfaces  are  in  a 
orizontal  plane.  Then  let  the  lower  surface  of  the  glass  be 
brought  in  contact  with  water.  The  glass  and  water  immedi- 
ately attract  each  other,  and  a  certain  amount  of  force  is  re- 
quired to  separate  them. 

In  this  case  we  have  apparently  shown  the  attraction  between 

?;lass  and  water;  but  if  we  examine  the  experiment  more  cire- 
iilly,  we  find  that  the  lower  surface  of  the  glass  is  covered  with 
a  layer  of  the  liquid.  It  is,  therefore,  evident  that  we  have  not 
separated  the  glass  from  the  water,  but  we  have  torn  the  mole- 
cules of  water  asunder,  and  the  force  required  to  do  this  was 
the  measure  of  their  cohesion  for  each  other. 

19.  Effects  of  Heat  and  Pressure  *on  Matter. — Seeing  that  all 
matter  is  composed  of  molecules,  the  inquiry  naturally  arises, 
What  is  the  relation  of  these  to  each  other  as  regards  position  ? 

Are  thev  in  contact,  or  are  thev  at  a  dis- 
Fi°-  I-  tauce  from  each  other?     An  answer  to  this 

question  is  offered  by  the  following  experi- 
ment, delineated  in  Fig.  1.  Let  A  be  a 
sphere  of  brass,  two  or  three  inches  in 
diameter,  made  as  true  as  possible,  and  sus- 
pended by  a  chain.  To  the  sphere,  A,  a 
metallic  ring,  B,  is  adapted,  which  at  ordi- 
nary temperatures  permits  the  sphere  to 
pass  through  it  easily.  On  raising  the  tem- 
perature of  the  sphere  by  means  of  a  spirit 
E*hiii»i»ri  ».y  in%tf.  or  a  gas  flame,  and  then  attempting  to  pass 

it  through  the  ring,  we  lind  that  it  will  no 
longer  do  so.  From  this  we  conclude  that  the  metallic  sphere  has 
increased  in  size  under  the  influence  of  the  rise  in  temperature. 
Allowing  the  mass  to  cool,  it  again  passes  through  the  ring  without 
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Fig.  2. 


Exi«ansion  by  reduced 
pressure. 


difficulty.  It  has  therefore  diminished  in  volume  by  the  diminu- 
tion in  temperature.  In  like  manner,  variations  in  pressure  cause 
variation  in  volume.  In  illustration  of  this,  take  a  tube  one 
inch  in  diameter  with  a  bulb,  A,  expanded 
on  one  end.  The  tube  and  bulb  are  almost 
entirely  filled  with  water,  which  confines  a 
bubble  of  air  in  the  upper  part  of  the  bulb  or 
sphere.  The  lower  part  of  the  tube  dips  under 
the  surface  of  the  water  in  a  vessel,  B,  and 
thus  the  fluid  is  suspended  in  the  tube  and 
bulb.  Placing  this  instrument  under  a  tall 
air-pump  bell,  C,  and  proceeding  to  exhaust,  the 
bubble  of  air  dilates,  and  the  fluid  retreats  into 
the  tube,  and  vessel,  B.  Restoring  the  press- 
ure of  the  atmosphere,  the  bubble  of  air  at  A 
contracts,  and  the  fluid  returns  to  its  original 
position. 

20.  The  Molecules  do  not  Touch. — The  only 
explanation  of  the  phenomena  presented  in  the 
preceding  article  is  that  the  air  in  the  bulb  has 
expanded  and  contracted,  under  the  influence 
of  the  variations  in  pressure.  This  it  could 
not  do  if  the  molecules  were  in  contact  with  each  other.  We, 
therefore,  arrive  at  a  correct  answer  to  the  question  propounded 
in  the  last  article,  and  conclude  that  the  molecules  both  in  the 
solid  and  in  the  gas,  cannot  be  in  contact,  but  are  separated  by 
spaces  or  intervals,  called  interstices. 

21.  Motion  among  Molecules. — The  expansion  and  contraction 
obtained  in  the  preceding  experiments,  show  that  the  molecules 
are  mobile  in  the  solid  as  well  as  in  the  gas.  Numerous 
instances  of  mobility  among  the  molecules  of  solids  suggest 
themselves,  but  none  is  of  greater  interest  than  those  which 
occur  in  the  case  of  periodide  of  mercury  which  has  been  recently 
sublimed. 

If  a  little  of  this  substance  be  placed  in  a  test-tube  and 
heated,  its  color  changes  to  a  bright  yellow.  After  a  few 
moments  it  vaporizes,  and,  recondensing  higher  up  in  the  tube, 
forms  a  yellow  sublimate.  Under  these  conditions  of  tempera- 
ture there  is,  of  course,  no  moisture  present  on  which  to  base 
*n  explanation  of  what  follows.  If  the  yellow  sublimate  be 
touched  with  any  hard  substance,  it  instantly  turns  red,  owing 
to  a  rearrangement  of  the  molecules  of  periodide  among  them- 
selves. Even  without  the  act  of  touching,  the  sublimate  will 
in  time  undergo  a  complete  change  of  tint,  passing  from  yellow 
to  a  brilliant  red.     Arsenious  oxide  also  oilers  an  example  of 
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the  same  fact,  changing  slowly  from  a  glassy  amorphous  into 
an  opaque  crystalline  form. 

Phenomena  like  these  demonstrate  that  in  solids,  molecular 
movements  are  not  only  possible  by  virtue  of  external  inter- 
ference, but  they  may  also  arise  without  any  apparent  initiating 
act.  The  most  rational  explanation  of  the  changes  in  the  per- 
iodide  of  mercury  is,  that  even  in  the  yellow  state,  molecular 
oscillations  or  vibrations  are  occurring,  and  the  change  to  the 
red  [state  is  merely  dependent  on  some  slight  change  in  the 
manner  or  character  of  these  movements. 

If  the  idea  of  movement  in  connection  with  molecules  be 
granted  in  the  most  solid  bodies,  we  have  an  explanation  of  the 
manner  in  which  the  interstices  (20)  are  maintained.  For 
motion  to  exist,  the  molecule  must  have  space  in  which  to 
vibrate,  hence  the  interstice.  Increase  the  temperature,  and 
the  motion  or  vibration  increasing,  the  interstitial  spaces  also 
increase,  and  the  body  expands.  Diminish  the  temperature, 
the  amplitude  of  motion  of  the  molecule  diminishes,  the  cohe- 
sive force  draws  the  molecules  together,  the  interstices  diminish, 
and  the  body  contracts. 

Collecting  the  experiments  and  arguments  embraced  from 
article  11,  and  condensing  them,  we  have  the  following: 

22.  Theory  of  the  Structure  of  Matter. — 1.  All  matter  is  com- 
posed of  molecules  made  up  of  atoms. 

2.  These  molecules  do  not  touch  each  otfter,  but  are  separated  by 
spares,  called  Inter  molecular  interstices. 

3  The  molecules  farming  a  substance  are  never  at  rest,  but  are  oscil- 
lating or  moving  in  various  ways,  with  inconceivable  rapidity. 

4.  The  molecules  are  drawn  toward  each  other  by  a  force  called 
attraction  or  cohesion  (18),  which  tends  to  diminish  the  size  of  the 
interstices. 

5.  The  molecular  movements  resist  the  attractive  or  cohesive  force. 
These  motions  are  increased  by  the  action  of  heat,  and  the  size  of  the 
interstices  is  consequently  increased.  According  as  the  cohsice  force 
or  the  motion  predominates,  so  does  the  size  of  the  body  vary. 

• 

23.  Relative  Sices  of  Molecules  and  Interstices. — By  the  action 
of  heat,  one  cubic  inch  of  water  may  be  made  to  yield  a  cubic 
foot  of  steam.  In  its  vaporous  state  the  water  molecules  have 
the  same  chemical  composition  as  in  the  fluid  condition :  the 
difference  is  the  result  of  the  expansion  which  the  interstices 
between  the  molecules  have  undergone.  This,  and  innumera- 
ble other  examples,  show  how  great  the  size  of  the  interstices 
must  be,  compared  with  that  of  the  molecules.  In  the  case  of 
dilated    hydrogen  gas  this  excess  in   size  of  the  interstices  is 


STRUCTURE    OR    CONSTITUTION    OF    MATTER.  45 

enormous;  some  have  even  compared  their  relations  to  that 
existing  between  the  planets  of  our  solar  system  and  the  dis- 
tances separating  them. 

24.  Estimated  Actual  Sices  of  Molecules  and  Interstices. — Sir 
William  Thomson  estimates  that  in  ordinary  solids  and  liquids 
the  average  distance  between  contiguous  molecules  is  less  than 
the  millionth  of  a  millimetre.  In  an  article  by  Mr.  G.  J.  Stoney 
("  Phil.  Mag./'  series  4,  vol.  36),  on  the  u  Internal  Motions 
of  Gases  Compared  with  Motions  of  Waves  of  Light,"  the 
author  estimates  that  there  are  not  fewer  than  a  unit — eighteen, 
(unit)  18,  or  1,000000000000000000  molecules  in  each  cubic 
millimetre  of  a  gas  at  ordinary  temperatures  and  pressures. 
Considering  that  a  cubic  millimetre  is  about  one-twentieth  of 
an  inch  square  on  each  face,  we  gain  a  faint  conception  of  the 
marvellous  minuteness  of  molecules. 

25.  Imperfection  of  So-called  Vacua. — Admitting  that  a  cubic 
millimetre  of  air  or  gas  contains  a  (unit)  18  molecules,  it  is 
evident  that  the  so-called  barometric  vacuum  is  sadly  misnamed. 
The  admirable  exhaustion  obtained  by  Crookes  in  the  prepara- 
tion of  his  radiometer  tubes  is  equivalent  to  the  almost  incon- 
ceivable pressure  of  100&000  of  an  atmosphere,  yet  even  at 
this  reduction  of  pressure  a  cubic  millimetre  still  contains 
1,000000000000  molecules  of  gas. 

,  26.  Omnipresence  of  Matter. — The  imperfections  of  our  best 
vacua  (25)  show  that  is  hardly  possible  to  conceive  of  space  as 
existing  without  matter.  In  other  words,  matter  is  omnipresent. 
If  there  be  any  doubt  of  the  truth  of  this,  a  glance  at  the  stars 
should  reassure  us.  Distant  though  they  be  from  us  and  from 
each  other,  there  is  no  part  of  the  heavens  that  is  not  studded 
with  them.  Increase  in  the  power  of  telescopes  only  serves  to 
reveal  to  our  astonished  gaze  innumerable  stars  and  nebulae, 
which  before  were  invisible.  The  wave  theory  of  light,  too, 
demands  the  exfstence  of  the  ether,  or  an  exceedingly  attenuated 
form  of  matter  existing  throughout  space,  and  in  which  light  is 
propagated  by  oscillations  or  vibrations  of  its  molecules. 

With  more  truth  than  he  kenned,  did  Milton  in  his  "  Paradise 
Xiost "  cause  the  Almighty  to  exclaim  : 

"  1  am  who  fill 
Infinitude,  nor  vacuous  the  space 
Though  I  myself  retire  " 


46  PROPERTIES    OF    MATTER. 


CHAPTER   II. 

ULTIMATE  COMPOSITION  OF  MATTER. 

Elements  and  compounds  defined — Theory  of  the  oneness  of  matter — Hydrogen 

the  original  element — Nature  of  atoms. 

27.  Element!  and  Compound!  Defined. — In  examining  chemical 
subdivision  (15),  we  have  seen  that  there  is  a  limit  to  the 
subdivision  of  a  body  as  regards  its  constituents.  In  the  case 
of  calcium  carbonate,  for  example,  we  arrive  finally  at  cal- 
cium, carbon,  oxygen.  These  we  cannot  separate  into  other 
and  simpler  bodies;  though  it  is  possible  that  such  a  result 
may  some  day  be  accomplished.  Many  substances  once  thought 
to  be  undecomposable  have  since  been  separated ;  the  same  may 
happen  in  other  cases;  we  may,  therefore,  say  that: 

An  element  is  a  body  which  has  not  yet  been  decomposed,  while  : 
A  compound  is  made  up  of  two  or  more  elements. 

28.  Theory  of  the  Oneness  of  Matter. — While  the  discussion  of 
the  composition  of  bodies  and  the  changes  therein  belongs 
properly  to  chemistry,  there  is  one  view  regarding  the  origin  of 
elements  which  places  this  question  within  the  domain  of 
phvsics. 

'The  chemist  claims  the  existence  of  some  sixty-five  distinct 
elements,  out  of  which  all  the  objects  on  the  globe  are  con- 
structed. These  he  believes  "no  kind  of  alchemy  will  trans- 
mute the  one  into  the  other."  In  discussing  this,  Dr.  Arnott 
say  8: 

uIIow  sixty-five  kinds  of  matter  should,  by  variously  com- 
bining, form  the  endless  diversity  of  things  and  appearances 
which  our  globe  presents  is  not  without  analogy.  All  tne  words, 
all  the  literature  of  the  English  tongue  is  formed  out  of  twenty- 
four  letters,  and  all  the  letters  of  the  multitude  of  tongues  on 
the  face  of  the  earth  are  not  more  in  number  than  the  chemical 
elements.  Even  more  wonderful  is  the  fact  that  all  the  words  ot 
the  English,  or  any  other  language,  may  now  be  signalled  along 
a  telegraph  wire  by  combinations  of  only  two  different  signals, 
a  long  and  a  short  one."  He  might  have  added  that  the  long 
signal,  or  dash,  is  itself  a  combination  of  short  signals  or  dots. 

The  human  invention  of  written  language  indicating  not  only 
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all  the  objects  on  the  globe,  but  also  expressing  the  thoughts, 
emotions,  and  passions  with  which  man  is  endowed,  is,  as  we 
have  seen,  reducible  to  a  system  of  dots  variously  arranged. 
There  is,  therefore,  nothing  unwarrantable  in  the  conception 
that  the  various  kinds  of  matter,  the  presence  of  which  we  ex- 
press by  the  proper  arrangement  of  the  same  kind  of  dots  in 
telegraphy,  may  be  composed  of  one  kind  of  elementary  atom, 
and  our  so-called  elements  are  mere  modifications  of  this.  The 
atoms  we  may  say  have  their  analogues  in  dots,  molecules  in 
letters,  and  substances  in  words. 

The  astrologers  of  the  East  not  only  evolved  the  idea  of  the 
atom,  but  their  long-continued  observations  of  the  ceaseless 
movements  of  the  heavenly  bodies  led  them  to  believe  that  in 
the  same  wav  atoms  or  molecules  of  matter  were  never  at  rest 
(21).  They  even  carried  the  similitude  farther,  and  taught  that 
as  the  stars  of  the  firmament  were  alike  in  appearance,  so  matter 
was  all  made  up  of  one  kind  of  atom,  and  the  differences  in 
different  kinds  were  merely  the  results  of  difference  in  the  kind 
of  motion  to  which  the  elemental  atom  was  subjected.  The 
elemental  atom,  moreover,  constituted  the  original  or  universal 
ether. 

Among  the  Greek  philosophers,  Leucippus,  of  whom  we  have 
already  spoken  (17),  held  that  the  idea  of  the  atom  as  the  ele- 
mentary substance  gave  a  foundation  on  which,  by  the  aid  of 
eternal  motion,  combination,  and  separation,  all  material  phe- 
nomena might  be  built,  and  their  relations  explained.  The 
effect  of  motion  in  all  its  variety  upon  matter  is  finally  summed 
up  by  Heraclitus  in  the  saying  that  "Life  is  motion."  "Nothing 
is,  but  as  movement."  It  is  to  thoughts  like  these  that  we  must 
attribute  the  search  by  the  alchemists  for  the  "  Philosopher's 
Stone/'  and  the  "Elixir  of  Life."  By  the  first  they  hoped  to 
turn  the  base  metals  into  gold;  by  the  latter,  to  renew  their 
youth  and  prolong  life  to  a  thousand  years  or  more. 

Of  modern  thinkers  the  eminent  physicist  and  chemist 
Graham,  was  a  leading  upholder  of  the  "Oneness  of  matter  and 
the  power  of  motion  and  combination  to  produce  diversity." 
He,  moreover,  conceived  the  idea  that  the  diversity  in  motion 
was  the  only  basis  of  diversity  in  matter,  or,  in  other  words, 
that  an  atom  constituted  an  element  of  a  special  kind,  according 
to  the  rate  or  the  peculiarity  of  its  movements. 

The  theory  of  the  oneness  of  matter  is  of  especial  interest  to 
the  physician,  since  it  bears  a  close  analogy  to  what  he  finds 
in  the  structure  of  all  living  organisms.  Tracing  the  higher 
animal  and  vegetable  structures  back  through  their  course  of 
development  to  their  first  genesis,  we  find  that  they  are  com- 
posed of,  and  that  they  originate  from,  cells.  In  their  structure 
the   resemblance  of  these   cells  to  each   other  is  very   close. 
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Whether  it  be  a  nerve-cell  in  the  brain,  a  muscle-cell,  a  cell  of 
tendinous  or  cartilaginous  tissue,  or  even  of  bone  itself,  in  its 
first  inception  it  consists  of  the  same  parts,  viz.,  cell-wall,  con- 
tents, nucleus,  and  nucleolus.  From  mere  cells,  the  multiplicity 
of  forms  composing  the  organic  world  is  evolved,  Omnia  ex  ovo 
being  the  motto  on  which  nature  seems  to  work  out  her  plans. 

To  the  analogy  here  drawn  exception  might  be  taken,  to  the 
effect  that  these  cells  are,  after  all,  essentially  different.  Though 
they  resemble  each  other  in  that  they  are  composed  of  the  same 

Earts,  they  are  different  in  size  and  form.  We  never,  it  might 
e  said,  find  muscle-cells  producing  a  serous  membrane,  nor 
nerve-cells  forming  muscle.  They  therefore  differ  essentially 
from  each  other,  just  as  iron  differs  from  copper;  indeed,  they 
might  be  regarded  as  the  analogues  of  the  atoms  of  elements, 
each  building  up  its  own  special  form  of  structure,  and  none 
other. 

Admitting,  for  the  moment,  this  apparent  objection,  let  us 
trace  the  genesis  of  the  tissues  of  any  organism  a  step  further 
back,  and  for  our  example  take  man  himself.  The  first  differ- 
entiation of  a  human  being  consists  of  the  formation  of  an  ovum 
in  the  ovary  of  the  female.  To  all  appearances,  this  is  nothing 
more  nor  less  than  a  simple  cell,  and  not  distinguishable  from 
similar  ova  of  innumerable  other  animals,  we  might  even  say  of 
plants  also.  Brought  in  contact  under  suitable  conditions  with 
its  proper  spermatozoa,  which  seem  to  bear  to  the  ovum  the  same 
relation  that  energy  bears  to  matter,  and  furnished  with  a  form- 
less material  as  food,  changes  begin.  What  was  at  first  a  simple 
cell,  by  the  act  of  subdivision  becomes  an  infinite  number  of  cells. 
In  the  mass  so  produced,  the  embryo  is  outlined  little  by  little. 
Tissue  after  tissue,  each  with  its  own  peculiar  cells,  appears. 
Finally  the  perfect  foetus  is  formed.  The  child  is  born,  and  we 
are  in  the  presence  of  the  most  wonderful  of  all  creations,  mar- 
vellously complex  in  its  structure,  possessing  absolute  character- 
istics which  separate  it  from  all  other  creatures ;  and  yet  all  this 
complexity  of  structure  has  arisen  from  a  single  simple  cell.  Cells 
of  brain,  muscle,  tendon,  cartilage,  bone,  all  have  originated  from 
the  same  source.  No  two  elementary  bodies  differ  from  each 
other  more  than  brain  differs  from  cartilage,  yet  brain  and  car- 
tilage have  been  evolved  from  the  same  original  cell.  Is  it  any 
greater  wonder  to  imagine  that  as  such  divers  tissues  as  those 
we  have  mentioned  have  all  originated  from  one  cell,  our  so- 
called  elementary  bodies  may  have  also  originated  from  one 
ultimate  element  ? 

Pushing  the  analogy  still  further,  we  arrive,  in  the  organic 
world,  at  that  curious  body  called  protoplasm,  from  which  the 
cell  itself  is  produced,  and  whieh  forms  the  completed  body  of  an 
amceba  and  a  moner.     Whatever  opinions  we  may  hold  regard- 
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iug  differences  among  celte,  none  can  exist  concerning  the  uni- 
formity of  protoplasm,  from  whatever  source  it  may  be  obtained. 
A  mere  formless,  jelly-like  material,  without  visible  organiza- 
tion, it  may  be  conceived  to  be  the  analogue  of  that  something 
which  we  conceive  to  be  distributed  throughout  space.  We 
may  further  imagine  that  as  cells  are  differentiated  from  proto- 
plasm, so  elementary  atoms  arise  from  an  ultimate  element,  and 
as  the  cell  once  differentiated  retains  its  special  form  and  prop- 
erties, which  cannot  be  changed  or  altered  by  any  agency  at 
our  command,  so  elementary  atoms,  in  like  manner,  when  once 
differentiated  resist  all  our  attempts  at  modification  by  the 
meaDS  we  at  present  possess. 

29.  Hydrogen  the  Original  Element  ? — In  the  "American  Journal 
of  Sciences  and  Arts,"  3d  series,  vol.  xviii.  p.  9t>,  there  is  a 
report  of  a  paper  read  by  J.  Norman  Lockyer,  before  the  Royal 
Society,  on  December  12, 1878.    It  is  entitled  "On  the  Supposed 
Compound  Nature  of  the  So-called  Elements."     In  this  paper 
he  says:  "There  are  many  facts  and  many  trains  of  thought 
suggested  by  solar  and  stellar  physics,  which  point  to  the  hy- 
pothesis that  the  elements  themselves,  or  at  all  events,  some  of 
them  are   compound   bodies."     The   original   element  would 
appear  to  be  hydrogen,  for  the  spectrum  analysis  of  the  hottest 
Btars  shows  this  gas  to  be  present  in  enormous  quantity,  with 
very  little  else,  while  stars  of  lower  temperature  show  a  le3S 
proportion  of  hydrogen,  but  present  other  elements  the  variety 
or  number  of  which  increases  as  the  temperature  descends.     In 
the  stars  of  the  highest  temperature  other  elements  have  not 
been  formed,  or  they  have  been  dissociated  into  hydrogen. 

Observations  by  Prof.  Piazzi  Smyth,  in  another  direction,  tend 
to  the  same  conclusion.  In  the  "Observatory,"  for  October, 
1880,  he  states  that  in  experiments  with  low  temperature  vacuum- 
tubes,  after  a  prolonged  passage  of  the  electric  spark,  "Chlorine 
has  been  changed  into  hydrogen,  and  nitrogen  though  more 
slowly,  seems  to  be  going  the  same  way.  Is  nitrogen  after  all 
not  an  element,  but  a  compound  ?  Is  nitrogen  merely  a  par- 
ticular form  or  state  of  hydrogen  ?" 

These  opinions  show  that  the  tendency  of  modern  thought  is 
toward  the  acceptance  of  a  modification  of  the  ancient  doctrine 
of  the  oneness  of  matter,  and  though  it  may  not  be  a  proven 
fret,  we  cannot  deny  that  there  are  many  phenomena  which 
*opport  the  idea  of  the  origin  of  other  elements  from  hydrogen. 

80.  Nature  of  Atoms. — On  this  subject,  says  Professor  Tait, 
various  opinions  have  been  held.  "Among  these,  the  first  is 
that  of  the  'perfectly  hard  atom.  You  meet  with  it  not  only 
long  before  the  time  of  Lucretius,  but  also  in  all  subsequent 
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time,  even  in  the  works  of  Newton  himself.  AVe  tind  Newton 
speculating  on  this  subject  in  his  unsuccessful  attempt  to  account 
for  the  extraordinary  fact  that  the  velocity  of  sound,  as  calcu- 
lated by  him  by  strictly  accurate  mathematical  processes,  was 
found  to  be  something  like  one-ninth  too  little.  We  find  New- 
ton suggesting  that  possibly  the  particles  of  air  maybe  little,  hard, 
spherical  bodies,  which,  at  the  ordinary  pressure  of  the  atmos- 
phere, are  at  a  distance  from  one  another  of  somewhere  about 
nine  times  the  diameter  of  each ;  and  he  says  sound  then  may 
be  propagated  instantaneously  through  these  hard  atoms  or  par- 
ticles of  air,  while  it  is  propagated  with  the  mathematically  cal- 
culated velocity  through  the  space  between  each  pair.  But, 
unfortunately  for  this  explanation,  it  implies  that  sound  should 
move  faster  in  dense  than  in  rare  air  at  the  same  temperature. 
This  is  inconsistent  with  the  results  of  direct  measurement." 

uIt  is  obvious,  that  if  there  are  such  small  infinitely  hard 
particles  as  atoms,  they  must  be  in  all  bodies  at  a  distance  from 
one  another,  because,  so  far  as  experiment  has  guided  us,  there 
is  uo  portion  of  matter  whatever  that  is  not  capable  of  further 
compression  by  the  application  of  sufficient  pressure;  and,  of 
course,  compression  of  a  group  of  infinitely  hard  particles  must 
presuppose  that  they  have  certain  interstices  between  them, 
so  that  they  are  capable  of  being  brought  still  nearer"  (23 
and  24). 

u  Another  school  of  philosophers  and  experimenters,  recoiling 
from  the  notion  of  the  hard  atom,  took  up  the  following  idea. 
All  that  we  know  of  atoms  will  be  perfectly  well  accounted  for 
if  we  dispense  altogether  with  the  notion  of  an  atom — dispense 
with  anything  material  in  the  ordinary  sense  of  the  word  matter 
— but  suppose  merely  a  centre  of  force,  such  as  we  are  accustomed 
to  in  those  mathematical  fictions  which  we  meet  with  in  our 
text-books.  Suppose,  in  place  of  an  atom,  a  mere  geometrical 
point,  which  can  exert  repulsive  or  attractive  forces,  or  rather 
suppose  such  forces  tending  toward  or  from  a  certain  point, 
but  nothing  at  the  point,  except,  in  some  unexplained  way, 
mass.  So  far  as  external  bodies  are  concerned,  this  will  behave 
just  as  an  atom  would  do.  That  explanation  was  taken  up  and 
developed  to  a  great  extent  by  Boscovich,  and  was,  to  a  certain 
extent,  adopted  in  later  times  even  by  Faraday.  It  is,  as  I  have 
stated  at  the  outset,  a  mathematical  fiction,  but  it  is  often  an  ex- 
tremely convenient  one  for  the  purpose  of  enabling  us  to  make 
certain  mathematico-physieal  investigations  of  what  takes  place 
in  the  interior  of  bodies  in  their  various  states  of  solids,  liquids, 
and  gases." 

A  third  hypothesis  is  that  of  the  vortex  atom,  recently  sug- 
gested by  Sir  William  Thomson.  Of  this,  Professor  Tait  says: 
"The  peculiar  properties  of  vortex-motion  were  mathematically 
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'deduced  for  the  first  time  by  Helmholtz.  It  is  necessary  to  give 
a  brief  sketch  of  his  results  in  order  that  you  may  easily  follow 
my  explanation  of  Sir  William  Thomson's  suggestion,  and  I  do 
so  the  more  readily  because  it  is,  or,  at  all  events,  it  appears  to 
myself  to  be  by  far  the  most  fruitful  in  consequences  of  all  the 
suggestions  that  have  hitherto  been  made  as  to  the  ultimate 
nature  of  matter.  Especially  does  it  give  us  a  glimpse,  at  least, 
of  an  explanation  of  the  extraordinary  fact,  that  every  atom  of 
any  one  substance,  wheresoever  we  find  it,  whether  on  the  earth 
or  in  the  sun,  or  in  meteorites  coming  to  us  from  cosmical 
spaces,  or  in  the  farthest  distant  stars  or  nebulae,  possesses  pre- 
cisely the  same  physical  properties." 

"As  a  preliminary  illustration,  I  shall  show  the  formation  of 
a  simple  circular  vortex-ring,  exhibiting  one  or  two  of  its  more 
important  properties." 


"The  apparatus  consists  of  a  very  homely  arrangement,  merely 
a  wooden  box  with  a  large  round  hole  made  in  one  end  of  it, 
while  the  opposite  end  has  been  removed  and  its  place  supplied 
by  a  towel  tightly  stretched.  In  order  to  muke  the  air  which  is 
to  bo  expelled  from  this  box  visible,  we  charge  it  first  with 
•ramoniacal  gas,  by  sprinkling  the  bottom  of  the  box  with  strong 
solution  of  ammonia.  A  certain  quantity  of  ammoniacal  gas 
has  now  been  introduced  into  it,  and  we  shall  develop  in  addition 
•quantity  of  muriatic  acid  gas.  This  is  done  by  putting  into 
the  box  a  dish  containing  common  salt,  over  which  I  pour 
sulphuric  acid  of  commerce.  These  two  gases  combine,  and 
form  solid  sal  ammoniac,  so  that  anything  visible  which  escapes 
fr*m  the  box  is  simply  particles  of  sal  ammoniac,  which  are  so 
very  small  that  they  remain  suspended  by  fluid-friction,  like 
•moke  in  the  air.  Now  notice  the  effect  of  a  sudden  blow 
applied  to  the  end  of  the  box  opposite  the  hole.  There  you 
see  a  circular  vortex-ring  moving  on  its  own  account  through  the 
room  as  if  it  were  an  independent  solid." 

"  I  Bhall  now  try  to  show  the  effect  of  one  vortex-ring  upon 
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another,  just  as  I  showed  it  here  to  Thomson,  when  he  at  once 
formed  his  theory.  You  notice  that  when  two  vortex-rings 
impinge  upon  one  another,  they  behave  like  solid  elastic  rings. 
They  vibrate  vehemently  after  the  shock,  just  as  if  they  were 
Boliu  rings  of  India-rubber.  It  is  easy,  as  you  see,  to  produce 
such  vibration  of  a  vortex-ring  without  any  impact  from  another. 
All  we  have  to  do  is  to  substitute  an  elliptical,  or  even  a  square 
hole,  for  the  circular  one  wre  have  hitherto  employed." 

"Now,  the  first  vortex-ring  which  you  saw  sailing  up  through 
the  class-room,  contained  precisely  that  particular  portion  of  air, 
mixed  with  sal  ammoniac  powTder,  which  had  been  sent  out  of 
the  box  by  the  blow.  It  was  not  merely  sal  ammoniac  powder 
which  was  going  through  the  air,  but  a  certain  definite  portion 
of  the  smoky  air,  if  we  so  may  call  it,  from  the  inside  of  that 
box,  which,  in  virtue  of  the  vortex-motion  which  it  had,  became, 
as  it  were,  a  different  substance  from  the  surrounding  air,  and 
moved  through  it  very  much  like  a  solid  body." 

"In  fact,  according  to  the  result  of  Helmholtz's  researches,  if 
the  air  were  a  perfect  fluid,  if  there  were  no  such  thing  as  fluid- 
friction  in  air,  that  vortex-ring  would  have  gone  on  moving  for- 
ever. Not  only  so,  but  the  portion  of  the  fluid  which  contained 
the  smoke;  which  was,  as  it  were,  marked  by  the  smoke,  would 
remain  precisely  the  same  set  of  particles  of  the  fluid  as  it  moved 
through  the  rest;  so  that  those  which  were  thus  marked  by  the 
smoke  were,  by  the  fact  of  their  rotation,  distinguished  or  differ- 
entiated from  all  the  rest  of  the  particles  of  air  in  the  room,  and 
could  not  by  any  process,  except  an  act  of  creative  power,  be 
made  to  unite  with  the  fluid  in  the  room." 

"That  is  a  point  which  appears  to  me  to  be  one  of  the  most 
striking  Characteristics  in  the  foundation  of  this  suggestion  of 
vortex-atoms.  Granted  that  you  have  a  perfect  fluid,  you  could 
not  produce  a  vortex-ring  in  it ;  nor,  if  a  vortex-ring  were  there, 
could  you  destroy  it?  No  process  at  our  command  could  enable 
us  to  do  either,  because,  in  order  to  do  it,  fluid-friction  is  essen- 
tially requisite.  Now,  by  the  very  definition  of  a  perfect  fluid, 
friction  does  not  exist  in  it." 

"Thus,  if  we  adopt  £ir  William  Thomson's  supposition,  that 
the  universe  is  filled  with  something  which  we  have  no  right  to 
call  ordinary  matter  (though  it  must  possess  inertia),  but  which 
we  may  call  a  perfect  fluid,  then,  if  any  portions  of  it  have 
vortex-motion  communicated  to  them,  thev  will  remain  forever 
stamped  with  that  vortex-motion;  they  cannot  part  with  it;  it 
will  remain  with  them  as  a  characteristic  forever,  or  at  least 
until  the  creative  act  which  produced  it  shall  take  it  away  again. 
Thus  this  property  of  rota  t  it  m  may  he  the  Ixjsis  of  all  that  to  our  senses 
"vpcals  as  matter.'* 

"  In  such  a  vortex-ring  (as  you   will   easily  understand  by 
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thinking  how  it  came  out  of  the  round  hole  in  the  box),  the 
motion  of  the  particles  of  air  is  of  this  kind.     Suppose  it  to  be 
coining  forward  towards  you,  then  every  portion  of  the  air  on 
the  inner  side  of  the  ring  is  moving  forward,  and  every  portion 
on  the  outer  side  is  moving  backward,  so  that  the  whole  is  turn- 
ing round  and  round  its  linear  circular  core.     The  air  all  about 
it  is  in  motion  according  to  a  very  simple  law,  which,  however, 
I  could  not  explain  without  mathematics — except  in  the  par- 
ticular case  of  that  within  the  annulus,  which  is  moving  forward 
faster  than  the  ring  itself.     I  shall  afford  any  of  you  who  desire 
it  an  opportunity  of  convincing  yourselves  of  the  fact.     Each  of 
you  will  find  that,  if  he  places  his  face  in  the  path  of  one  of 
these  large  air  vortex-rings,  there  is  no  sensation  whatever  until 
the  vortex-ring  is  almost  close  to  him,  and  when  it  reaches  him 
he  feel9  a  sudden  blast  of  wind  flowing  through  the  centre  of  it. 
Thus  this  vortex-ring  not  only  involves  in  itself  rotating  ele 
ment9  which  are  thereby  distinguished  altogether  from  the  other 
elements  of  the  fluid,  but  it  also  is  associated  necessarily  with 
other  movements  through  the  non-differen- 
tiated air,  and  especially  a  forward  rapid  Fio.  4. 
current  of  air  passing  through  its  centre  in 
the  direction  in  which  it  is  going.     Helm- 
holtz  showed  that  if  vortex-filaments  exist  in 
acontinuous  medium  of  any  kind,  they  must 
be  ring-shaped — that  is  to  say,  endless — after 
any  number  of  knottings  or  twistings,  the 
ends  must  come  together.     All  vortex-rings 
—and,  therefore,  according  to  Sir  William 
Thomson,  all  atoms  of  matter — must  neces-       vortex-ring,  «tructurc. 
sarily  be  endless — that  is  to  say,  must  have 
their  ends  finally  united  together  after  any  number  of  convolu- 
tions or  knots." 

"Secondly,  though  this  is  really  involved  in  what  we  have 
just  seen,  Helraholtz  shows  that  such  a  ring  is  indivisible;  you 
cannot  cut  it.  Do  what  you  like ;  bring  the  edge  of  the  keenest 
knife  up  to  it  as  rapidly  as  you  please,  it  cannot  be  cut ;  it  sim- 
ply moves  away  from  or  wriggles  round  the  knife ;  and,  in  this 
sense,  it  is  literally  an  atom.  It  is  a  thing  which  cannot  be  cut; 
not  that  you  cannot  cut  it;  but  that  you  cannot  so  much  as  get 
at  it  so  as  to  try  to  cut  it." 

In  the  extracts  we  have  given  above  from  Professor  Tait's 
work  on  "  Recent  Advances  in  Physical  Science,"  we  have  only 
sought  to  present  the  recent  ideas  regarding  the  nature  of  atoms, 
without  accepting  them.  Those  who  desire  a  more  extensive 
acquaintance  with  this  subject,  and  with  the  doctrine  of  the 
heterogeneity  of  matter,  must  consult  Professor  Tait's  work. 
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CHAPTER    III. 

GENERAL  PROPERTIES  OF  MATTER. 

Indestructibility  and  transmigration  of  matter — Extensibility  and  impenetrability 
— Gravity  and  weight — Centre  of  gravity — Stability  of  position  in  animals — 
The  balance — Weights  and  weighing — Essentials  in  a  good  balance — Method 
of  double  weighing — Density  or  specific  gravity — Mobility — Inertia — Porosity 
— Compressibility — Elasticity — Divisibility. 

31.  Indestructibility  and  Transmigration  of  Matter.— We  cannot 
create,  neither  can  we  destrov  matter.  The  dew  which  has 
covered  the  petals  of  flowers  with  glistening  drops,  disappears 
when  the  rays  of  the  rising  sun  envelop  it.  The  water  that 
formed  it  seems  to  have  been  destroyed,  but  it  still  exists.  It 
has  only  passed  from  visible  water  to  invisible  vapor.  Though 
the  eye  cannot  perceive  it,  there  is  no  difficulty  in  proving  its 
existence  by  other  means,  and  forcing  it  to  reassume  its  visible 
liquid  state. 

The  candle-flame  by  which  we  seek  to  extend  the  length  of 
our  dayS.  oilers  even  a  better  example  of  the  indestructibility 
of  matter.  The  wax  or  fat  of  which  the  candle  is  formed,  is 
eomi»osed  chiefly  of  carbon  and  hydrogen.  In  giving  forth  its 
light  the  flame  slowly  feeds  upon  the  combustible  substance, 
and  as  this  wastes  away,  it  appears  to  have  been  destroyed,  but  it 
has  not.  In  the  flame  itself,  through  which  we  may  rapidly  pass 
the  tiller  without  feel  in  £  anv  resisting  medium,  there  is  solid 
matter.  This  we  may  easily  show  by  causing  a  flame  to  impinge 
upon  a  cold  surface,  when  at  once  it  deposits  soot  or  solid 
carbon.  Even  when  the  carbon  has  disappeared  in  the  upper 
part  of  the  dame,  and  only  invisible  products  are  present,  we 
may.  by  passing  these  over  melted  potassium,  recover  the  carbon 
in  the  same  state  as  we  found  it  in  the  flame.  The  carbon  of  the 
wax  Las  not  l*een  destroved.  it  has  onlv  changed  its  state  so  as 
no  "onger  v+  Ik*  perceptible  to  certain  senses. 

Living  plants  and  animals  give  an  admirable  illustration  of 
the  :r.dtr>tr::^::bility  of  matter,  and  also  of  its  unceasing  passage 
through  vuritrd  forms.  The  processes  of  animal  life  result  largely 
in  the  i-rwiuvtion  of  carbonic  acid  ffas.  which  is  eliminated  in 
:he  i::visi:»".e  >ra:e  from  the  lungs.  It  i>  identical  with  the  gas 
:hr  ■» :.  off :::  :r.e  combustion  in  a  candle-dame.  It  has  even  been 
saij.  ani  r. o:  without  reason,  that  we  ourselves  mav  be  likened 
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to  flames.  We  are  mere  forms  through  which  matter  is  passing. 
We  consume  food  as  the  flame  consumes  fat,  this  in  each  case 
is  oxidized,  producing  a  more  or  less  transient  form.  The 
product  of  the  oxidation  in  both  is  the  same,  carbonic  acid  gas. 
To  plants  this  gas,  the  refuse  of  the  bodies  of  animals,  is  of  the 
utmost  importance.  To  them  it  is  food  and  sustenance.  They 
consume  it  with  avidity.  Out  of  it  they  construct  their  tissues, 
producing  forms  far  more  permanent  than  those  of  animals, 
but  to  be  consumed  by  animals  and  again  pass  through  the 
circuit  of  nature. 

Matter,  therefore,  is  not  only  indestructible,  but  certain  kinds 

of  it  are  ceaselessly  passing  through   living  creatures.     Even 

man  himself  cannot  claim  as  individual   property  the   atoms 

which  build  up  the  organs  of  his  body.     They  are  not  even  the 

property  of  collective  humanity,  but  have  passed  innumerable 

times  through  animal  and  plant  creations.     What  a  humiliating 

lesson   this   elementary   scientific  fact  teaches   us.     The   very 

bodies  in  which  we  take  so  much  pride,  and  which  we  care  for 

so  tenderly,  are  merely  passing  forms  of  matter  in  which  the 

spirit  is  clothed  for  a  brief  time.     We  die,  and  our  corporeal 

particles  escape  us,  never  to  be  regaiued. 

The  ancient  doctrine  of  transmigration  we  may  reject  when 
applied  to  the  soul,  about  which  we  know  nothing,  but  in  the 
case  of  matter  it  is  indubitable.  Indeed,  we  may  say  that  suffi- 
cient time  being  granted,  it  is  as  much  a  property  of  matter  as 
indestructibility  itself. 

32.  Extensibility  and  Impenetrability. — The  first  of  these  is  the 
property  by  which  matter  occupies  a  certain  fixed  portion  of  space. 

By  impenetrability  we  understand  that  two  portions  of  matter  cannot 
occupy  the  same  portion  of  space  at  the  same  time.  If  we  press  a 
bottle  mouth  downwards  under  water,  the  fluid  cannot  enter 
thevesse],  since  it  is  occupied  by  air.  For  the  water  to  gain 
entrance  the  air  must  escape,  as  we  see  is  the  case  when  the 
bottle  is  immersed  mouth  upwards,  when  the  rate  of  egress  of 
the  air  is  exactly  proportional  to  the  rate  of  ingress  of  the 
fluid.  So,  also,  when  a  nail  is  driven  into  wood,  the  iron  forces 
the  wood  to  the  right  and  left;  the  two  bodies  do  not  occupy 
the  same  space  at  the  same  time.  Strictly  speaking,  the  term 
impenetrability  should  only  be  applied  to  molecules  and  atoms. 
By  some,  extension  and  impenetrability  are  used  as  synonymous 
terms. 

What  has  here  been  said  applies  equally  in  the  case  of 
•o-called  penetrating  wounds,  the  term  is  not  correctly  used. 
?  he  tissues  of  the  body  are  as  impenetrable  as  any  other  matter,  and 
the  word  is  only  admissible  with  the  understanding  that  there  is 
solution  of  continuity  of  the  tissue. 
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33.  Gravity  and  Weight. — Matter  may  be  dealt  with  under 
three  conditions :  molar,  molecular,  and  atomic.  The  two  forces 
of  attraction  and  motion,  which  are  inherent  to  matter,  may 
also  be  considered  from  three  similar  points  of  view. 

Atomic  attractions  and  motions  belong  properly  to  the  domain 
of  chemistry. 

Molecular  attractions  and  motions  determine  the  solid,  liquid,  or 
other  form  of  a  body,  and  its  relations  to  light,  heat,  and 
electricity.     Their  consideration  belongs  to  physics. 

Molar  attractions  and  motions  are  by  many  dismissed  to  the 
province  of  mechanics,  but  we  have  retained  them  within  that 
of  physics,  of  which  mechanics  may  be  regarded  as  a  subdi- 
vision (5). 

Molar  attraction  when  applied  to  the  attraction  of  the  earth 
for  objects  on  its  surface,  is  called  gravity.  The  resistance  re- 
quired to  overcome  this  attraction  is  called  weight,  and  is  accepted 
as  one  of  the  properties  of  matter  in  general.  For  the  determi- 
nation of  the  weight  of  bodies,  the  student  is  referred  to  article 
86,  on  the  balance. 

34.  Centre  of  Gravity  tnay  also  be  called  the  centre  of  weight 
or  attraction.  It  is  the  point  in  a  body  about  which  all  its  parts 
exactly  balance  one  another.  If  this  point  be  supported,  the 
whole  body  will  remain  at  rest  in  any  position  in  which  it  may 
be  placed.  For  many  purposes  the  whole  weight  of  a  body  may 
be  regarded  as  being  concentrated  at  its  centre  of  gravity. 

In  bodies  of  regular  geometrical  forms,  the  centre  of  gravity 
coincides  with  the  centre  of  form,  and  may  be  easily  determined, 
provided  they  are  of  uniform  density.  In  a  circle  or  sphere,  it 
is  at  the  geometrical  centre.  In  a  cube,  at  the  crossing  of  the 
diagonals.  In  a  cylindrical  rod  or  bar,  such  as  may  be  used  for 
the  beam  of  a  balance,  it  is  at  the  centre  of  its  axis. 

The  experimental  determination  of  the  centre  of  gravity  of 
any  irregular  body,  may  be  accomplished  as  follows  :  The  body 
is  first  suspended  by  a  string  attached  to  one  point,  the  line 
formed  by  the  string  is  projected  through  the  object.  The  point 
of  attachment  of  the  string  is  then  changed,  and  the  new  line  of 
suspension  projected  through  the  substance.  The  crossing 
of  these  two  lines  is  the  centre  of  gravity  of  the  object. 

The  stability  of  position  of  a  body  depends  upon  the  relations  of 
its  centre  of  gravity  to  its  base.  The  essential  condition  is  that 
the  centre  of  gravity  must  lie  vertically  within  the  area  occupied 
by  the  base.  A  greater  extent  of  base,  other  things  being 
equal,  gives  greater  stability.  The  more  vertical  the  centre  of 
gravity  over  the  centre  of  base,  the  greater  the  stability.  The 
less  the  altitude  of  the  body,  the  greater  the  stability. 

The  combination  of  all  of   these  conditions  gives  the  most 
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complete  stability.  A  serious  deficiency  in  any  one  of  them 
may  make  the  bod}*  exceedingly  unstable,  as  when  we  attempt 
to  stand  a  pyramid  upon  its  apex.  Though  the  centre  of  gravity 
may  then  be  vertically  over  the  centre  of  the  supporting  base, 
the  latter  is  so  minute  that  the  slightest  movement  throws  the 
centre  of  gravity  to  one  side,  or  the  other,  of  the  supporting 
surface,  and  the  body  falls. 

35.  Stability  of  Position  in  Animals. — In  quadrupeds,  stability  of 
position  in  the  standing  attitude  is  very  great  since  their  base  of 
support  is  large,  being  represented  by  the  area  enclosed  by  their 
four  feet,  when  in  contact  with  the  ground,  and  the   centre 
of  gravity  is  almost  vertically  over  its  centre.     So  little  effort  is 
required  to  maintain  the  erect  position  in  these  creatures,  that 
they  may  often  be  seen  sleeping  in  that  attitude.     Next  in  sta- 
bility to   quadrupeds,   come   the    kangaroos.      These,   though 
biped  in  appearance,  actually  use  the  tail  as  a  third  leg,  and  so 
inorease  their  base  of  support. 

In   bipeds  like  man,  the  base  of   support  is  so  small   that 
numerous  trials  are  required  before  the  power  to  keep  the  erect 
position  is  acquired.     In  the  act  of  walking,  by  bending  for- 
wards, the  centre  of  gravity  is  thrown  first  over  one  foot,  and 
then  over  the  other,  as  is  imitated  in  the  toy  called  the  tumbler. 
According  as  the  width  of  the  pelvis  is  greater,  the  adjustment 
of    the  centre  of  gravity  to  the  position  of  the  feet   requires 
greater  extent  of  motion.     Hence,  the  lateral  sway  seen  in  the 
walk  of  woman  compared  with  that  of  man.     The  same  move- 
ment is  for  a  like  reason  exaggerated  to  a  still  greater  extent  in 
the  waddling  walk  of  the  duck  and  goose. 

The  necessity  of  a  continual   adjustment  of  the   centre   of 

gravity  to  the  supporting  base,  compels  us  to  seek  in  surrouud- 

mg  objects  some  standard,  by  which  wre  may  ourselves  maintain 

the  vertical  position.     Vertigo  and  sickness  often  result  when 

0  we  are  deprived  of  these  standards  of  comparison.     Hence,  on 

shipboard,  the  continued  departure  of  the  objects  in  our  vicinity 

from  the  perpendicular  line,  destroying  the  ordinary  means  of 

comparisons,  we  suffer  from  sea-sickness.    The  discomforts  of  this 

condition  may  often  be  avoided  by  lying  flat  on  the  back,  and 

keeping  the  eyes  tightly  closed.    Sea-sickness  is  also  in  part  due 

to  irregular  pressure  upon  the  internal  organs  produced  by  the 

lotion,  especially  is  this  the  case  with  the  brain. 

36.  The  Balance. — Of  balances  there  are  numerous  forms. 
The  ordinary  balance  consists  of  a  rod  of  metal  called  the  beam. 
This  should  be  as  nearly  inflexible  as  possible.  It  is  mounted 
as  a  lever  of  the  first  class,  the  fulcrum  being  a  triangular  prism 
passing  through  the  beam,  and  so  adjusted  that  it  rests  on  one  of 
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its  edges.     This  is  commonly  called   the  knife-edge  or  axis 
of  support. 

The  axis,  in  the  finer  kinds  of  balance,  is  supported  on 
polished  plates  of  agate  to  enable  it  to  move  with  the  least  fric- 
tion possible.      Immediately  beneath  the  knife-edge  a  long 


needle  is  attached  to  the  beam.  It  projects  downwards,  and  bv 
its  oscillations  over  a  graduated  arc,  enables  us  to  measure  with 
exactness  the  movements  and  position  of  the  beam. 

From  the  extremities  of  the  beam  the  pans  are  suspended. 
In  the  finer  kinds  the  method  adopted  is  hy  knife-edges  attached 
to  the  beam:  on  these  agate  surfaces  rest  which  sustain  the  pans 
by  means  of  slender  wires  of  platinum. 

*  When  in  use,  the  object  which  is  to  he  weighed  is  placed  in 
one  pan:  bv  its  attraction  for  the  earth,  the" pan  in  which  it 
is  placed  sinks.  Weights  of  known  value  are  then  placed  in  the 
opposite  pan  until  the  attraction  of  the  earth  for  the  object 
is  overcome,  and  the  beam  of  the  balance  assumes  the  horizontal 
position,  or  is  equipoised,  as  is  shown  hy  the  point  of  the 
attached  needle  oscillating  to  equal  extents  on  the  opposite  sides 
of  the  zero  <y(  its  scale. 

37.  Weights  tad  Weighing.— The  most  convenient  weights 
to  be  used  in  all  medical  or  physiological  investigations  are 
the  French.  They  possess  the  treat  advantage,  first,  of  Wing 
decimal,  and.  second,  they  give  the  means  of  converting  weight 
into  volume,  since  the  •••tl-i-  ■entimttrt  of  iVa'HUtl  tetter  .it  4-  C. 
trtty*  fwtt)/  \>ne  gr^imme,  irJU-A  «  the  •«».'.'  •■/  nir«;A*. 
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In  addition  to  the  usual  weights  to  be  placed  in  the  pan 
of  the  balance,  there  is  a  sliding  weight,  called  the  rider,  which 
is  placed  on  the  beam  of  the  balance,  and  which  may  be  moved 
iiv  means  of  a  sliding  rod  which  passes  through  the  right  side  of 
tin-  ease  of  the  instrument.  The  beam  bears  a  graduation  of  ten 
te:  according  as  the  rider  is  placed  on  one  or  the  other  of 
•e,  it  measures  one  or  more  tenths  of  its  own  weight,  which  is 
wily  one  milligramme. 
It  U  well  always  to  use  the  same  pan  of  the  balance  for  the 
wighte.  The  most  convenient  for  the  majority  of  persons 
u'ill  In;  the  right-band  pan  as  one  sits  facing  the  balance.  Tbe 
sliding  rod  also  is  on  this  side.  Substances  to  be  weighed 
should  never  be  placed  directly  in  the  pan  of  the  balance,  but  a 
few  thin  watch-glasses  should  he  procured.  These  should  he 
numbered  by  diamond  scratches  on  the  glass,  and  the  weight  of 
Hich  determined  and  recorded,  or  a  counterpoise  may  be  made 
Weach.  Either  of  these  devices  will  save  Iosb  of  time  in 
■  g  the  watch-glut's  each  time  it  in  used. 
When  :i  weighing  is  to  be  executed,  the  balance  should  he 
totted  by  throwing  it  into  action  and  seeing  that  tbe  pointer 
vilirutes  equally  on  each  side  of  the  zero  of  the  scale.  Any 
change  in   the  level   of  the  base  should   be  corrected    by  the 

"■  - 1  spirit-levels.    The  watch-glass  should  then  be  tested 

tone  it  has  not  lost  any  of  its  weight  by  accident.  The  sub- 
•laine  is  then  placed  in  the  watch-glass,  and  if  a  counterpoise  is 
uwd  the  weight  is  obtained  at  once.  If  only  the  weight  of  the 
watch-glass  ia  known,  this  is  to  be  subtracted  from  the  total 
Ffflgbt  of  tbe  substance  and  the  glass,  when  the  weight  of  the 
unbalance  alone  is  obtained. 

Mis  Should    lint    lie  touched  with    tile  lingers,  but    the 

i  in  the  weight-box  should  be  used.     To  avoid  error  in 

g  tbe  weights,  they  should  be  removed  from  the  pan  and 

I  in  their  order  of  value,  either  on  tbe  base  of  the  balance 

n  the  table,  and  counted  up  in  that  position  before  they  are 

the  weight-box.     To  tbe  weight  so  obtained,  the 

ight  indicated  by  the  rider  should  be  added  if  it.  lias  heeu  used. 

Hygrometric  bodies,  or  substances  that  absorb  moisture  from 

*  air,  should  be  placed  in  a  watch-glass,  the  edges  of  which 

*  ground  fine  and  lit  closely,  air  tight,  to  a  11  at  ground-glass 
fer  or  to  another  watch-glass.  The  watch-glass  and  its 
mtei)ta  should  be  placed  in  a  hot-air  box,  and  dried  at  100CC. 
Then  it  is  judged  that  the  exposure  has  been  sufficient,  tbe 
lumber  should  be  opened,  the  watch-glass  quickly  covered  and 
'lowed  to  cool  over  sulphuric  acid  in  the  drying  apparatus.      It 

ben  to  be  weighed  and  the  weight  recorded.     The  watch- 

s  is  then  uncovered  and  again  exposed  in  the  oven,  twenty 

r  so;   it  is  then  quickly  recovered,  cooled,  and   re- 
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weighed.  If  the  weight  is  the  same  as  before,  it  is  correct. 
If  it  has  diminished,  the  operation  of  heating  must  be  repeated 
until  the  substance  ceases  to  lose  weight. 

In  a  few  cases  where  heat  is  inadmissible,  the  drying  must  be 
done  over  sulphuric  acid,  with  or  without  a  vacuum.  Light 
test-tubes  closed  by  rubber  stoppers  are  used  sometimes  in  place 
of  watch-glasses  with  covers. 

38.  Essentials  in  a  Good  Balance. — 1st.  The  distances  from  the 
edge  of  suspension  of  the  beam,  to  the  edges  of  support  of  the 
pans  on  each  side,  should  be  exactly  equal. 

2d.  When  the  pans  are  empty,  the  needle  should  point  to  the 
zero  of  its  scale.  The  long  axis  of  the  beam  is  then  hi  the  hori- 
zontal position. 

3d.  When  the  beam  is  horizontal,  its  centre  of  gravity  (34) 
should  be  vertically  beneath  the  knife-edge  of  the  fulcrum. 

The  sensitiveness  of  the  balance,  or  its  power  to  determine 
very  small  weights,  or  very  small  differences  between  two 
weights,  depends  upon  three  conditions: 

1st.  The  longer  the  beam,  the  greater  the  delicacy  of  the 
balance,  the  length  being  measured  between  the  points  of  sus- 
pension of  the  pans. 

2d.  The  weight  of  the  beam  should  be  as  small  as  is  con- 
sistent with  rigiditv. 

3d.  The  centre  of  gravity  of  the  beam  should  be  as  near  as 
possible  to  the  edge  of  support  and  beneath  it. 

A  good  physical  or  chemical  balance,  when  charged  with  1000 
grammes,  or  a  kilogramme,  in  each  pan,  should  indicate  a  dif- 
ference of  less  than  -lt-/„-lT  of  a  gramme,  or  a  milligramme, 
between  the  contents  of  its  pans. 

39.  Method  of  Double  Weighing. — Though  a  balance  is  not 
quite  accurate,  it  may  nevertheless  be  used  for  the  exact  deter- 
mination of  the  weight  of  a  substance  by  the  above  named 
device.  The  operation  consists  in  putting  the  object  in  one  pan, 
and  then  counterpoising  it  with  shot  and  tinfoil  in  the  opposite 
pan.  The  object  is  then  removed  from  its  pan  and  weights 
placed  therein  until  the  exact  weight  of  the  counterpoise  is  de- 
termined. This  weight  represents  the  weight  of  the  object, 
since  both  it  and  the  object  have  balanced  the  counterpoise,  and 
are,  therefore,  equal. 

40.  Density  or  Specific  Gravity. — A  cubic  inch  of  lead  is  almost 
fortv  times  as  heavv  as  a  cubic  inch  of  cork.  As  a  rule,  solids  are 
heavier  than  liquids.  To  this  there  are  notable  exceptions. 
Organic  and  organized  bodies  generally  float  on  the  standard 
liquid,  water.     The  metals  potassium,  sodium,  and  lithium,  are 
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also  lighter  than  water,  lithium  being  but  little  more  than  half 
as  heavy  as  that  fluid.  Mercury,  on  the  contrary,  presents  us 
with  a  liquid  form,  on  which  all  rocks  and  nearly  all  metals  float. 
Iron  drifts  on  its  surface  as  readily  as  wood  does  on  the  surface 
of  water. 

A  very  good  definition  of  density  or  specific  gravity  is  that  it  repre- 
*€T7\ts  the  weight  of  a  given  volume  of  a  body  compared  with  that  of  an 
ecjual  volume  of  some  other  substance,  taken  as  a  standard.  In  the 
case  of  solids  and  liquids,  water  is  the  standard.  If  to  it  the 
v-»lue  1  is  given,  then  the  specific  gravity  of  platinum,  which  is 
al>out  twenty-two  times  as  heavy,  becomes  22.  In  like  manner, 
tlic  unit  of  specific  gravity  for  gases  and  vapors  is  either  air  or 
hydrogen. 

41.  Mobility. — Mobility  is  that  property  of  matter  by  virtue  of  which 
its  position  may  be  changed. 

3Iotion  and  rest  may  be  either  absolute  or  relative.  They  are 
absolute  when  the  change  or  fixity  of  the  position  of  a  body  is 
referred  to  ideal  fixed  points  in  space.  They  are  relative  when 
referred  to  surrounding  bodies.  A  passenger  on  a  steamer  may 
be  relatively  at  rest  as  regards  the  boat  and  the  objects  thereon, 
but  he  is  in  a  state  of  relative  motion  as  regards  the  banks  of 
the  river.  These,  in  their  turn,  may  be  relatively  at  rest  as 
regards  the  earth  itself,  but  in  motion  when  considered  in  rela- 
tiou  to  other  planets  and  stars.  For  practical  purposes  we  may, 
therefore,  say,  that  absolute  rest  and  motion  are  unknown,  we 
deal  with  rest  and  motion  only  in  their  relative  state. 

42.  Inertia. — By  this  ice  understand  that  matter  cannot  of  itself 
change  its  condition  either  of  rest  or  motion.  If  at  rest,  it  remaius 
bo  until  some  force  acts  upon  it  to  produce  movement.  If  in 
motion,  it  continues  to  move  until  some  force  causes  the  move- 
ment to  cease. 

When  we  release  our  grasp  on  any  object  it  falls  to  the  earth. 
The  movement  is  not  by  virtue  of  any  inherent  property  of  the 
substance,  but  because  it  is  acted  upon  by  the  force  of  gravity. 
A  rifle-bullet  finally  comes  to  rest,  not  by  virtue  of  its  own 
powers,  but  on  account  of  the  resistance  of  the  air  and  other 
causes.  If  there  were  no  such  counteracting  forces,  it  would 
continue  to  move  forward  at  the  same  rate  forever. 

Examples  of  inertia  of  motion  are  ottered  by  a  careless  de- 
scent from  a  moving  vehicle:  our  feet  strike  the  ground  and 
cease  to  move,  while  the  movement  of  the  upper  part  of  the 
body  continues,  and  we  are  thrown  prostrate.  The  fearful  acci- 
dents on  railways  are  due  to  thi*  cause.  The  motion  of  the 
engine  being  suddenly  checked,  the  cars  continue  their  advance, 
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and  are  shattered  by  the  force  with  which  they  are  driven  into 
each  other. 

The  following  simple  experiments  on  inertia  of  rest  are  not 
without  interest.  If  we  place  a  card  upon  a  goblet,  and  then 
rest  a  coin  upon  the  card,  we  may,  by  a  sudden  fillip  of  the 
finger,  cause  the  card  to  glide  off  the  tumbler.  The  coin  does 
not  pass  with  it,  but,  detained  by  its  inertia,  drops  into  the 
vessel,  drawn  down  by  gravitation.  Gentle  pressure  against  a 
suspended  sheet  of  glass  will  cause  it  to  move,  while  if  a  pistol 
be  tired  at  it  from  a  sufficient  distance  the  bullet  passes  through 
the  glass  without  producing  the  slightest  change  of  position  in 
the  latter. 

43.  Porosity. — The  interstices  or  spaces  between  the  parts  of 
a  substance  are  of  two  kinds.  1st.  Physical  pores,  which  exist 
between  the  molecules,  and  are  so  minute  that  the  molecular 
forces  of  attraction  or  repulsion  act  across  them.  2d.  Sensible 
jnres,  cells  or  cavities  across  which  these  forces  cannot  act,  on 
account  of  their  magnitude.  The  effects  of  temperature  in 
causing  variations  in  the  size  of  bodies  are  possible  by  virtue  of 
the  existence  of  physical  pores  or  interstices  (19,  20).  In  or- 
ganic substances  the  sensible  pores  are  of  especial  importance, 
since  they  permit  the  functions  of  absorption,  exhalation,  and 
circulation. 

The  existence  of  sensible  pores  in  organic  bodies  may  be 
illustrated  by  placing  them  in  a  vessel  of  water  under  an  air- 
pump  bell.  An  apple  or  a  potato  thus  treated  yields  up  innu- 
merable bubbles  of  air  or  gas,  which  escape  from  the  cells  or 
pores  of  the  fruit  or  tuber.  If  the  weight  of  the  object  of  the 
experiment  be  taken  before  and  after  exhaustion,  the  increase 
in  weight  will  show  the  extent  or  volume  of  the  pores,  since  it 
represents  the  quantity  of  water  which  has  replaced  the  air  con- 
tained in  them. 

In  sponge,  and  in  pumice,  the  sensible  pores  are  of  consider- 
able size  and  easily  visible.  In  metals,  on  the  contrary,  they 
are  very  minute.  Gold,  for  example,  was  shown  by  the  Flor- 
entine academicians  to  possess  pores,  in  the  following  way: 
They  were  attempting  to  determine  the  compressibility  of 
water.  For  this  purpose  the  fluid  had  been  enclosed  in  a 
sphere  of  gold,  which  was  hermetically  sealed.  The  sphere 
wasthen  submitted  to  pressure;  any  change  in  shape  they  knew 
would  be  attended  by  diminution  in  its  capacity.  Their  surprise 
may  be  imagined  when,  on  applying  the  force,  minute  globules 
of  water  were  seen  to  ooze  from  the  metal,  and  cover  its  surface 
with  dewy  drops.  As  is  so  often  the  case,  the  experiment,  insti- 
tuted t<>  determine  one  fact,  resulted  in  the  unexpected  estab- 
lishment of  another  and  totally  different  one.     The  same  ex- 
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periment  has  since  been  repeated  with  globes  of  other  metals, 
and  the  existence  of  minute  seusible  pores  demonstrated. 

Among  the  practical  applications  of  sensible  pores,  we  may 
mention  the  process  of  filtration  through  felt,  paper,  charcoal, 
and  stone,  so  commonly  employed  for  the  purification  of  water. 
The  opening  of  seams  in  rocks,  by  introducing  dry  wedges  of 
wood  and  then  wetting  them,  when  they  expand  with  great 
force,  furnishes  another  example  of  the  existence  of  pores. 

44.  Compressibility  is  a  direct  consequence  and  demonstration 
of  porosity. 

The  most  compressible  bodies  are  gases,  some  of  which  may 
be  forced  to  diminish  to  one  hundredth  of  the  bulk  they  present 
at  ordinary  temperatures  and  pressures.  To  this  there  is, 
however,  a  limit  in  every  case,  for  under  sufficient  pressure  and 
reduction  of  temperature,  gases  assume  the  liquid  state.  • 

Solids  in  many  cases  are  compressible  to  a  moderate  extent. 
This  is  best  shown  by  organic  substances,  as  wood  and  paper. 
Metals  also,  when  submitted  to  the  pressure  of  the  die  in  coin- 
ing, or  when  hammered,  undergo  an  increase  in  specific  gravity, 
which  can  only  be  explained  by  the  diminution  in  the  size  of 
their  pores,  and  consequent  diminution  in  volume. 

In  the  case  of  liquids  the  compressibility  is  the  least  for  small 
pressures,  and  was  for  a  long  time  denied.  It  however  exists, 
as  will  be  shown  when  we  study  the  properties  of  this  form  of 
matter. 

45.  Elasticity  is  the  property  by  which  certain  bodies  reassume 
their  original  volume  or  form,  when  the  force  that  has  produced 
change  is  removed. 

Oases  and  liquids  are  endowed  with  this  property,  as  regards 
volume,  to  a  remarkable  degree.  They  may  indeed  be  said  to  be 
absolutely  elastic  (163).  Solids,  as  we  have  seen,  are  very  gen- 
erally compressible,  but  a  few,  like  ivory,  possess  a  certain 
degree  of  elasticity.  The  elasticity  of  solids  is  rather  that  of 
form  than  of  volume,  and  belongs  to  the  consideration  of  the 
properties  of  this  special  kind  of  matter  (67). 

46.  Divisibility,  we  have  already  dealt  with  in  the  examina- 
tion of  the  structure  of  matter  (22),  to  which  the  reader  is 
referred. 
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47.  The  Physical  Forms  of  Matter. — Physicists  classify  matter 
under  three  typical  forms:  1st,  JSolid;  2d,  Liquid;  3d,  Gas. 
Some  add  a  4th,  Radiant  or  ultra  gaseous. 

It  is  to  be  understood  that  by  proper  means  these  forms  may 
be  transmuted  one  into  another.  The  terms  are  applicable 
to  each  substance  only  under  the  ordinary  conditions  of  tem- 
perature and  pressure. 

The  demarcations  between  these  forms  are  not  always  clean 
cut.  Certain  liquids,  for  example,  pass  through  an  intermediate 
or  pasty  condition  before  they  become  solid;  others  are  gela- 
tinous, others  viscous. 

Intermediate  between  liquids  and  gases,  we  find  a  group 
of  bodies  called  vapors,  which  closely  resemble  gases,  except 
that  they  are  easily  convertible  into  liquids.  In  all  probability 
there  is  a  continued  gradation,  from  the  densest  solid  to  the 
most  rarefied  form  of  gaseous  matter. 

48.  The  Chemical  Divisions  of  Matter. — These  are  three  in 
number:  1st,  Inorganic  bodies;  2d,  Organic;  and,  3d,  Organ- 
ized. A  knowledge  of  the  general  diameters  of  these  groups 
is  necessary  for  the  proper  comprehension  of  our  subject. 

The  inorganir  group  includes  all  the  ordinary  objects  on 
the  globe  which  have  not  been  dependent  upon  life  action  in 
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plants  or  animals  for  their  production.  Minerals  of  all  kinds, 
and  ores,  water,  and  air,  lire  typical  examples  of  this  division, 
(■eruiu  bodies,  as  marble,  chalk,  graphite,  have  been  produced 
through  the  intervention  of  life  action,  yet  they  are  truly  inor- 
ganic substances;  others,  on  the  contrary,  like  bituminous  coal, 
may  be  grouped  with  orgauic  substanceB,  since,  on  being  distilled, 
they  yield  oily  bodies  which  are  organic  in  their  nature.  The 
ftps  of  visible  structure  among  inorganic  bodies  is  the  crystal- 
line, many  are  non-cryetaliiue  or  amorphous,  while  a  few,  like 
wrought  iron,  are  fibrous. 

Orgauic  and  organized  bodies  are  all  compounds  of  carbon. 
So  absolute  is  this  fact  that  their  study  is  often  spoken  of  as  the 

-ru.iv  of  the  carbon   c pounds.     Next  to  carbon  are  present, 

hydrogen,  oxygen  and  nitrogen,  the  order  of  frequency  being  the 
tame  as  that  in  which  they  are  mentioned.  All  substances  of 
■■  n  mpe  are  decomposed  by  a  heat  less  than  1000°  P.  If 
heated  in  vessels  to  which  air  does  not  gain  free  access,  a  black 
residue  of  charcoal  or  carbon  is  left,  which  may  be  entirely 
toned  away  in  a  current  of  air. 

■  lill'er  from  organized  bodies  in  that  they  are  gener- 
lUj  crystalline  in  structure.  Though  commonly  the  product  of 
m  m  not] — c. ;/.,  sugar — many  of  them  have  been  made  in  the 
laboratory  by  the  union  of  the  elements  themselves,  without 
tta  interverifinii  of  any  life  action.  Acetyliue,  for  example,  is 
produced  by  the  parage  of  the  electric  arc  between  poles  of 
nn  ttrbOD  in  an  atmosphere  of  pure  hydrogen.  From  acety- 
fiae  alcohol  may  be  made,  and  from  alcohol  fatty  bodies  which 
in  truly  organic  in  their  nature.  Every  day  adds  to  the  list  of 
organic  bodies  produced  by  purely  chemical  processes,  and 
doubtless  the  majority  of  these  substances  will  in  time  be  pre- 
r;i!v.i  artificially, 

I  bodies,  on  the  contrary,  have  never  yet  been  pro- 
'iuirij  by  process  id  to  which  lite  action  does  not  enter,  ana  we 
Nj  lately  -ay  that  they  never  will  be.    They  differ  from  Biniplc 

"lies,  in  that  their  structure  always  shows  the  pres- 
m  either  of  the  cell  or  of  the  fibre.  They  are  not  crystalline, 
'hough  they  may  ith-Iusi'  crystals  of  orgauic  or  inorganic  bodieB. 

49.  The  Form  of  Solids  is  Fixed. — True  solids  have  a  perma- 
i'ii!  mid  independent  form.  In  this  respeet  they  differ  esaen- 
li'iuids  and  gases,  which  take  the  form  of  the  vessel  in 
which  they  are  placed.  In  certain  resinous  bodies  this  quality 
I  only  in  a  low  degree,  these  substances  slowly  chang- 
ing their   form  in   the  lapse  of  time.     Among  the  true  solids 

■    re  or  lees  of  plasticity;  for  example,  ice.     It  is 

not)  of  this  character  which  enables  a  glacier  to  follow 

(at  curves  and  windings  of  the  valley  through  which  it  descends. 
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Prof.  Tyudall  attributes  the  plasticity  in  this  ease  to  alternate 
fusions  and  freezings  of  the  ice,  to  which  he  has  given  th  - 
name  of  regelation. 


50.  Resist  Compression. — True  solids  resist  any  ordinary  forc^^ 
of  compression  to  which  they  may  be  subjected.  While  Bom^ 
possess  this  power  to  only  a  slight  degree,  others  possess  it  to  i 
remarkable  extent.  All  at  last,  however,  reach  their  limit  o 
resistance.  Some,  like  quartz  and  glass,  are  crushed,  whil 
others,  as  the  metals,  undergo  an  actual  diminution  in  bulk. 

51.  Extent  of  Volume  Variations. — While  changes  of  tempera- 
ture and  of  pressure  produce  variations  in  the  volume  of  a  solid, 
these  are  exceedingly  minute,  compared  with  similar  changes 
in  liquids  and  gases.  Of  this  fact  we  have  seen  an  example  in 
the  case  of  the  experiment  ( 11*),  in  which  very  delicate  means 
were  required  to  determine  the  expansion  of  the  mass  of  metal. 

52.  Density  of  Solids. — To  obtain  the  specific  gravity  of  a  solid, 
as  urinarv  or  biliarv  calculi  or  a  urinarv  sediment,  we  must 
know  its  weight  in  air,  and  the  weight  of  an  equal  volume  of 
water.  The  first  *s  then  divided  hy  the  second  ^  tcten  the  quotient  is 
the  specific  gravity. 

The  conditions  under  which  the  determinations  of  specific 
gravity  are  to  be  made  vary  as  follows : 

1.  Solids  heavier  than  water  and  insoluble  therein. 

2.  Powders  heavier  than  water  and  insoluble  therein. 

3.  Solids  heavier  than  water  and  soluble  therein. 

4.  Solids  lighter  than  water  and  insoluble  therein. 

5.  Solids  lighter  than  water  and  soluble  therein. 

By  the  principle  of  Archimedes,  a  body  immersed  in  water  dis- 
places its  own  volume  of  that  liquid,  and  at  the  same  time  loses 
a  part  of  its  weight  equal  to  the  same  bulk  of   water.     Our 

object  being  to  determine  the  weight  of  a  volume 
of  water  equal  to  the  bulk  of  the  substance,  we 
may,  by  applying  the  principle  stated  above, 
obtain  it  at  once  bv  weighing:  the  bodv  in  water, 
when  the  loss  of  weight  will  l>e  the  weight  of 
an  equal  volume  of  water.  This  is  the  ordinary 
process,  and  is  called  the  method  by  the  hydro- 
static balance. 

53.  The  Hydrostatic  Balance. — The  application 
of  this  process  to  the  Jirst  condition  given  above  is 
as  follows :  The  object  ( D)  is  suspended  bv  a  fine 
fibre  (C)  to  one  arm  ( A)  of  a  balance.  Weights  are  placed  in  the 
opposite  pan.     The  weight  in  air  is  thus  obtained:   A  vessel 
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of  water  (E)  ie  then  placed  beneath  the  suspended  object,  and 
raised  until  the  object  is  completely  immersed  in  the  fluid. 
The  weight  is  again  determined;  it  is  the  weight  in  water.  The 
weight  in  water  being  subtracted  from  the  weight  in  air,  we 
have  the  weight  of  n  bulk  of  water  equal  to  that  of  the  object, 
for  example : 


Weizht  j 
Weight  i 


=  10 


Lost  of  weight  in  water    =    2  ie  weight  of  equal  bulb  of  water. 

Then  by  (52), 

Weight  of  equal  bulk,  water  2\  10  =  weight  in  air 

6  =  specific  gravity. 

54.  Specific  Gravity  by  Volumetric  Method. — A  second  method 
for  obtaining  the  specific  gravity  under  the  first  condition  is  that  by 
volume.  It  is  well  adapted  to  many  medical  purposes,  and 
though  not  eo  accurate  us  the  preceding,  gives  proximative 
results  that  are  sufficiently  exact  for  ordinary  use. 

The  apparatus  to  be  employed  consists  of  a  tube  graduated  to 

cubic  centimetres.     This  is  partially  filled  with  distilled  water, 

each  division  of  the  scale  then  represents  one  gramme  of  water. 

Tbe  solid  to  be  examined  may  be  either  in  mass  or  in  small 

fragments.    Its  weight  in  air  in  grammes  is  first  obtained.    It  is 

then  dropped  into  the  liquid  in  the  tube  and  all  bubbles  of  air 

removed  from  its  surface.     The  amount  of  water  displaced  is 

shown  by  the  rise  of  the  fluid  on  the  scale.    This  is  read  off,  and 

gives  at  once  the  weight  in  grammes  of  a  volume 

of  water  equal  to  that  of  the  substance.     The  Fio.  7. 

weight  of  the  body  in  air  and  that  of  an  equal       g  ^Ua 

rotome  of    water    being    known,    the    specific 

parity  is  obtained  by  the  usual  calculation. 

M.  Vicholaon's  Hydrometer. — Another  method 
for  the  determination  of  specific  gravity  of  solids, 
why  means  of  Nicholson's  hydrometer. 

This  instrument  consists  of  a  hollow  metallic 

'oat  A  which  bears  a  weight-pan  above  at  B,  and 

nother  below  at  0.     The  apparatus  is  placed  in 

tter,  and  weights  added  to  the  upper  pan  B  to 

nk  the  cylinder  to  a  mark  on  its  stem.     Let  this 

120  grains.    It  is  removed  and  a  mass  of  the 

balance  less  than  120  grains  in  weight  placed 

reon.    Weights  are  then  added  until  the  water 

cbes  the  mark  on  the  stem  of  the  apparatus. 

m  have  been  added,  this  subtracted  from  120  grains  gives  the 
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weight  of  the  body  as  100  grains,  which  is  the  weight  of  the  bod^ 
in  air.  The  substance  is  now  transferred  to  the  lower  pan  C.  Tt*  ^ 
cylinder  does  not  sink  as  deeply  in  the  water  as  before.  Mor~^ 
weight  must  be  placed  in  the  upper  pan  to  brine  the  mark  to  th 
level  of  the  water.  Suppose  the  weight  now  added  to  the  uppe 
pan  is  50  grains,  this  represents  the  weight  of  the  water  displace 
dv  the  object.  Then  dividing  100,  the  weight  in  air,  by  50,  th^" 
weight  of  equal  volume  of  water,  we  have  the  specific  gravity. 

If  the  body  is  lighter  than  water,  it  is  confined  to  the  lower^ 
pan  by  a  wire  cage. 

56.  Specific  Gravity  of  Powders. — In  the  second  condition,  oF 
powders  heavier  than  water  and  insoluble  therein,  the  method  is  as 

follows:  A  specific  gravity  flask  (A)  with  a  wide 
Fio.  S.  mouth  is  to  be  used.     The  stopper  is  perforated 

and  gives  passage  to  a  narrow  tube  which  expands 
above  into  a  larger  one.  A  counterpoise  for  the 
flask  should  be  made  and  kept  in  the  opposite 
pan  throughout  the  operation.  The  flask  should 
always  be  filled  to  a  certain  mark  (B)  when  a  liquid 
is  used.  The  excess  of  fluid  which  rises  into  the 
upper  tube  above  this  point  should  be  removed 
by  blotting  paper.  The  stej^s  of  the  operation 
are  as  follows : 

1st.  The  quantity  of  distilled  water  at  4°  C. 

„     „  the  counterpoised  flask  will  hold  when  the  per- 

iu*.  iorated  stopper  is  in  position  and  filled  to  the 

mark  is  determined. 

2d.  The  flask  is  carefully  dried,  some  of  the   dry   ]K>wder 

is  introduced,  the  stopper  placed  in  position,  and  the  weight  of 

the  powder  introduced  determined. 

8a.  The  weight  of  the  water  the  flask  will  hold  and  the 
weight  of  the  powder  are  added  together.     Let  this  Ik?  ic. 

4th.  The  flask  containing  the  powder  is  then  half  filled  with 
water,  placed  under  an  air-pump  bell  and  exhausted.  The  en- 
trapped air  is  thus  removed,  the  powder  is  allowed  to  settle,  the 
flask  is  filled  completely,  the  stopper  introduced,  excess  of  fluid 
above  li  removed,  and  the  weight  determined.     Let  this  be  r. 

The  weight  r  is  then  subtracted  from  the  weight  i#\  the  result 
represents  the  weight  of  the  water  the  powder  has  displaced. 
The  weight  of  the  jiowdor  and  the  weight  of  an  equal  volume  of 
water  tieing  known,  the  specific  gravity  is  calculated  as  ln-fore. 
This  method  is  einiiloyed  in  the  determination  of  specific  gravity 
of  uric  acid  and  otner  insoluble  sediments. 

57.  Specific  Gravity  of  Bodies  Soluble  in  Water. — To  meet  the  third 
condition*  in  whoh  the  '*>/y  i  soluUe  in  wv.vr,  some  other  fluid,  a* 
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oil  of  turpentine,  or  naphtha,  in  which  it  is  insoluble  is  substi- 
tuted. The  correct  specific  gravity  is  then  obtained  by  multi- 
plying the  number  found  by  the  specific  gravity  of  the  fluid 
used  in  the  experiment.  All  the  preceding  steps  are  conducted 
before. 


£8.  Bodies  Lighter  than  Water. — For  the  fourth  condition,  body 
lighter  than  water  y  but  insoluble,  the  steps  are  as  follows : 

1st.  Ascertain  weight  of  substance,  is  A. 

2d.  Determine  weight  in  water  of  a  piece  of  lead   heavy 

ough  to  sink  it,  is  B. 

3d.  Attach  light  body  to  the  piece  of  lead  and  determine  the 

xijoined  weight  in  water,  is  C. 

-4th.  Deduct  Cfrom  B  and  add  A,  this  is  D. 

5th.  Divide  A  by  jD,  and  the  result  is  the  specific  gravity  of  A. 

The  fifth  condition,  body  lighter  than  water  and  soluble  therein. 
Tt*e  specific  gravity  flask  is  to  be  employed,  and  benzine  substi- 
tuted for  water.    I'he  steps  are  the  same  as  before  described  for 
tho  flask  operation.     The  weight  of  a  bulk  of  water  equal  to 
tta&t  of  the  displaced  benzine  is  obtained  by  the  following  equa- 
tion :   As  specific  gravity  of  benzine  is  to  the  weight  of  benzine 
displaced,  so  is  the  specific  gravity  of  water  to  the  weight  of 
volume  of  water  equivalent  to  that  of  the  body. 

"Weight  of  substance  and  weight  of  equivalent  volume  of  water 
being  obtained,  density  is  calculated  as  before. 

59.  Table  of  Specific  Gravities. — Specific  gravity  of  solids  as  com- 
pared with  distilled  water  at  4°  C 


Platinum,  rolled 

22.069 

Platinum,  cast 

20  337 

Gold,  stamped 
Gold,  cast 

19  362 
19.258 

Load,  cast 

11.852 

Silver,  cast 

10.474 

Bismuth,  cast  . 

9.822 

Coppor,  drawn  wire 

)      8.878 

Copper,  cast    . 

8.788 

German  silver . 

8.432 

Brass 

8.383 

Steel,  not  hammered 

I       7.816 

Iron,  bar. 

7.788 

Iron,  cast 

7.207 

Tin,  cast . 

7.291 

Zinc,  cast 

6.861 

Antimony,  cast 
I<>dine 

6712 
4.950 

Heavy-spar 
Diamonds.            8>: 

4.430 
>31-3  501 

Flint  glass 
Statuary  marble 

.       3  329 

.       2.837 

Aluminium 

.       2  680 

Rock  crvstal    . 

.       2  653 

St.  Gobin  gla*a 

.       2.488 

China  porcelain 

Sevres  porcelain 

Native  sulphur 

Bone 

Ivory 

Anthracite 

Compact  coal     . 

Muscle 

Amber 

Soft  organs  of  body 

Brain 

Sodium 

Lung  with  air  . 

Melting  ice 

Fat    .  *      . 

Solid  ice    . 

Potassium 

Beech 

Oak  . 

Elm  . 

Yellow  pine 

Lithium    . 

Common  poplar 

Cork 


2.385 

2.146 

2.033 

2.010 

1.917 

1.800 

1.329 

1.085 

1.078 

1.050 

1.040 

0.970 

0.940 

0.930 

0.920 

0.917 

0.865 

0.852 

0.845 

0.800 

0.657 

0  585 

0  389 
0.240 
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60.  A  Divided  Solid  does  not  Eeunite. — If  a  gas  or  a  liquid  V>«> 
divided  by  any  object  passing  through  it,  it  reunites  im- 
mediately behind  the  dividing  t>ody.  In  solids  this,  asarule» 
is  not  the  case.  There  are,  however,  a  few  exceptions :  Ind  1  *" 
rubber  will  reunite  by  its  freshly  cut  surfaces.  Some  of  t  fr*c 
metals  will  also  reunite  behind  a  cutting  tool  if  they  are  at  t I*c 
same  time  submitted  to  very  great  compression. 


CHAPTER    V. 

SPECIAL  PROPERTIES  OF  SOLIDS. 

Crystallized  And  amorphous — Hardness — Fragility — Malleability — Ductility — Te- 
nacity— Elasticity — Contractility — Elasticity  of  compression — Elasticity  of 
flexure — Elasticity  of  torsion — Pliancy — Opacity,  transparency,  color — Build- 
ing materials — Hypothetical  consitution  of  solid*. 

61.  Crystallizable  and  Amorphous. —  The  cohesive  or  attractive  force 
by  which  the  molecules  of  a  solid  are  held  in  their  place,  is  not  always 
equal  in  all  directions  around  each  molecule,  but  is  greatest  in  certain 
positions,  lines,  or  planes,  as  is  the  case  with  the  poles  of  a  magnet. 
When  the  molecules  of  such  a  body  are  free  to  move,  they 
arrange  themselves  in  relation  to  these  lines  or  planes,  and  pro- 
duce more  or  less  perfect  forms  called  crystals.  Substances 
which  do  not  possess  this  property  are  called  non-crystalline 
or  amorphous. 

Crystallization  of  a  solid  may  take  place  in  two  ways.  1st, 
From  the  fused  or  melted  body,  as  in  the  rase  of  bismuth.  This 
is  called  crvstallization  in  the  dry  tea*/.  2d,  From  a  solution  of 
the  substance  in  water  or  some  other  solvent  liquid.  This  is 
called  the  mm'st  way. 

Water  in  the  act  of  solidification  presents  a  beautiful  example 
of  crystallization.  The  moisture  which  on  a  cold  day  congeals 
on  tlie  pavement  or  on  windows,  presents  varied  forms,  closely 
resembling  the  leaves  and  stems  of  ferns  and  other  low  varie- 
ties of  vegetation.  One  can  hardly  give  these  frosting  a  pass- 
ing glance  without  suspecting  that  the  outlines  of  interior  plants 
are  determined  by  the  simple  act  of  the  passage  of  water  from 
the  fluid  to  a  more  or  less  fixed  condition  of  solidity. 

Under  the  microscope  the  formation  of  crystals  of  inorganic 
and  organic   bodies   from    their  saturated   solutions,   presents 
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most  interesting  phenomena.  We  may  in  this  way  detect  the 
presence  of  numerous  substances  on  a  very  minute  scale.  As 
an  illustration  of  this  method,  we  may  cite  the  example  of  urea, 
an  exceedingly  soluble  body  with  so  great  an  avidity  for  water 
that  it  will  absorb  it  from  the  air,  and  deliquesce  or  form  a 
solution.  If  to  a  drop  of  such  a  solution,  placed  on  a  micro- 
scope slide,  we  add  a  drop  of  nitric  acid,  the  nitrate  of  urea 
forms.  This  being  but  little  soluble  in  water  crystallizes  out, 
and  by  the  appearance  of  the  peculiar  table-like  crystals,  we 
are  at  once  informed  of  the  presence  of  urea  in  the  liquid  under 
examination. 

The  satisfactory  demonstration  of  the  •  crystalline  structure  of 
a  solid  soluble  in  water  may  be  obtained  by  placing  a  portion  of 
it  in  a  saturated  solution  thereof.  Under  these  conditions  the 
dissolution  takes  place  very  slowly,  and  the  crystals  composing 
the  body  are  dissected  out  from  the  mass.  Under  this  method 
of  operation  alum  may  be  made  to  exhibit  its  structure  of  regu- 
lar octahedrons.  Experiments  of  this  nature  show  that  the 
resistance  to  solution  is  strongest  along  the  crystalline  planes. 

In  like  manner,  if  we  attempt  to  split  a  crystalline  body  by 
means  of  a  point  or  an  edge,  as  we  would  split  wood,  we  find 
that  it  yields  with  comparative  ease  along  certain  planes  which 
give  smooth  surfaces  of  fracture,  whereas  it  cannot  be  split,  but 
only  broken  along  other  planes,  the  fracture  showing  rough  in 
place  of  smooth  surfkces.  This  splitting  along  certain  planes 
in  preference  to  others  is  called  cleavage.  It  is  exhibited  in 
greater  or  less  perfection  by  all  inorganic  and  organic  crystal- 
line bodies. 

In  the  examination  of  the  deposits  which  appear  both  in 
healthy  and  morbid  urine,  a  knowledge  of  the  crystalline  forms 
presented  by  various  normal  and  abnormal  ingredients  of  this 
complex  fluid  are  of  the  utmost  importance  for  the  purposes  of 
diagnosis.  A  few  moments  spent  iu  the  careful  microscopic 
examination  of  such  sediments,  and  the  detection  of  certain  crys- 
talline forms,  will  at  once  throw  a  flood  of  light  on  what  may 
otherwise  be  a  very  obscure  and  puzzling  disease. 

The  detection  of  the  presence  of  poisons  also  may  be  greatly 
facilitated  by  a  microscopic  examination  of  the  crystals  obtained 
from  the  solutions  administered,  and  sometimes  even  of  the 
secretions  and  excretions  of  the  body.  For  an  admirable  dis- 
cussion of  this,  the  micro-chemistry  of  poisons,  the  student  is 
referred  to  the  excellent  work  of  Prof.  Theo.  G.  Wormley,  M.D. 

Mention  has  been  incidentally  made  of  the  fact  that  certain 
organic  bodies  assume  a  crystalline  form,  while  others  do  not. 
Bodies  which  are  of  the  crystalline  type,  possess  the  property 
of  passing  with  considerable  facility  through  membranous  struc- 
tures of  various  kinds.     Those  which  do  not  crystallize,  as,  for 
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example,  albumen,  possess  this  property  of  permeating  mem- 
branes to  a  far  less  degree.  Hence  arises  the  division  of  bodies 
into  the  two  groups,  crystalloids  and  colloids.  This  will  be  found 
discussed  at  greater  length  in  the  article  on  dialysis. 

62.  Hardness  is  a  relative  property.  By  it  we  understand  the 
resistance,  which  one  body  presents  to  being  abraded,  icon),  or 
scratched  by  another.  It  is  entirely  independent  of  density. 
Pure  gold,  for  example,  iB  one  of  the  heaviest  metals,  but  it  "is 
very  soft.  The  true  cause  of  hardness  appears  to  be  the  force 
with  which  the  molecules  resist  any  change  in  their  polar  or 
crystalline  arrangement. 

For  the  purposes  of  the  mineralogist,  a  scale  of  different 
degrees  of  hardness,  known  as  Mokr's  scale,  is  used.  It.  consists 
of  the  following  ten  substances,  each  member  of  the  list  being 
harder  than  that  preceding  it: 


1.  Talc. 

fl.  AdiiUria  fcldapar. 

2.  ltock-Eult. 

7.  ltwk-erystftl. 

8.  Cnlr-spjir, 

8.    Prinrm.tiir  topn?.. 

4.  Fluor-spar. 

9,    C.rundum. 

~>.  Apatite. 

10.  Diamond. 

To  teBt  the  hardness  of  a  body,  we  determine  which  of  these 
it  will  scratch,  beginning  with  the  hardest.  If  it  is  scratched 
by  topaz,  but  scratches  quartz  or  rock-crystal,  we  say  its  hard- 
ness is  between  7  and  8. 

AlloyB,  as  a  rule,  are  harder  than  the  metals  composing  them: 
therefore,  in  the  mints  gold  and  silver  are  alloyed  with  copper 
to  give  them  sufficient  hardness  to  resist  the  wear  and  tear  "f 
circulation.  The  resulting  coin  is  far  harder  than  either  of  the 
metals  in  the  pure  state. 

There  is  no  relation  between  the  hardness  of  a  body  and 
its  power  to  resist  compression.  A  blow  which  shivers  hard 
glass  is  easily  resisted  by  soft  wood.  Ilardness  is  also  often 
independent  of  the  chemical  composition  of  a  body.  Carbon, 
for  sample,  in  the  form  of  the  diamond  is  the  hardest  sub- 
stance known  ;  in  the  form  of  graphite,  on  the  contrary,  it  is  so 
soft  that  it  is  easily  cut  by  the  thumb-nail,  and  it  is  even  used 
as  an  antifriction  or  lubricator  for  the  journals  and  axles  of 
wheebh 

When  certain  bodies,  like  steel,  are  raised  to  a  specified  tem- 
perature and  then  suddenly  chilled,  they  are  endowed  with 
exceeding  hardness.  This  operation  is  called  tempering.  Upon 
it  all  our  surgical  and  other  cutting  implements  of  steel  depend 
for  their  power  to  retain  their  sharpness  or  edge.  In  the  case 
of  an  alloy  of  copper  and  tin,  called  tamtam  metal,  sudden  chill- 
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i  water  produces  exactly  the  opposite  effect,  the  alio;/  being 
vhen  quickly,  and  very  hard  when  slowly  cooled. 
We  have  thus  fur  considered  the  question  of  hardness  in  rela- 
janic  bodies  alone.     We  have  seen  that  the  miner- 
is!  employs  a  scale  of  tolerable  exactness  to  determine  the 
ive  hardness  of  the  bodies  with  which  he  deals.     It  is  6ur- 
ng  (hat,  with  this  example  before  him,  the  physiologist  and 
HOgiat  have  not  yet  contrived  a  scale  by  which  this  factor 
tiie  properties  of  the  bodies  they  examine  might  be  expressed 
tli  some  approach  to  accuracy  and  fairness  of  comparison. 
While  the  hardness  of  enamel,  dentine,  bone,  and  horn,  as  in 
finger-nail,  may  be  expressed  by  Mohr's  table,  that  of  various 
uea  and  of  tumors  like  cancer,  falls  outside  of  its  limits.     A 
table  of  hardness  constructed  on  a  scale  prepared  by  a  knowu 
mixture  of  resin,  wax,  and  oil  in  ten  different  proportions,  and 
used  always  at  32°  F.,  or  in  a  mixture  of  ice  and  water,  would 
dnbUaH  give  results  regarding  the  hardness  of  various  tissues 
'  tumors,  which  would  be  of  considerable  importance  from  a 
;rjostic  point  of  view. 

63.  Fragility. —  Though  allied  to  hardness,  fragility  is  distinct  there- 
from. It  is  true  that,  as  a  rule,  very  hard  bodies  are  also  brittle 
or  fragile.  The  molecular  conditions  that  produce  hardness, 
iIm  oo&duce  to  fragility.  Sudden  changes  of  temperature  are 
vltv  apt  to  cause  a  substance  to  become  fragile.  Glass,  for  ex- 
Mujile,  if  suddenly  chilled,  as  in  the  formation  of  Rupert's  drops, 
II  marvellously  brittle.  The  fracture  of  a  portion  of  the  tail  of 
these  tadpole-shaped  objects,  immediately  causes  the  body  to  fly 
I.'  ■  thousands  of  pieces.  Even  in  the  ordinary  state  glass  is  too 
"ininon  use,  unless  it  has  been   reheated  and  very 

■■■'■■  i;,  cooled.  Bach  an  operation  is  called  annealing.  It  often 
mqnirea  many  days  for  its  successful  completion.  If  proper 
Eva  is  taken  iii  this  operation,  the  glass  may  have  its  brittleness 
•o  reduced  as  to  bear  very  rough  usage.  It  may  even  be  dropped 
rota  ■  height  on  to  the  floor,  or  submitted  to  the  blows  of  a 
lainiaer.  In  this  condition  it  is  known  as  malleable  glass.  In 
■  e  state  the  glass  differs  but  little  from  a.  Rupert  drop 
in  hardness,  while  the  difference  in  fragility  or  brittleness  i8 
v„T  great 

Among  organized  bodies  like  bone,  variations  in  fragility  are 
"'■'|ui-iirly  seen.  In  this  case,  however,  the  change  is  owing  to 
Utention  in  chemical  composition  or  proportion  of  the  ingre- 
■riug  into  the  structure  of  the  substance. 

H.  Malleability  u  the  -property  by  which  certain  bodies  may  he 
■■■/.■</  into  exceedingly  thin  leaves.  In  these  substances  the 
appear  to  have  no  particular  lines  of  coherence,  but 
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to  sutler  themselves  to  be  pressed  or  forced  out  of  their  position 
in  all  direction*  with  equal  facility.  In  this  respect  they  re- 
Mtnble  the  particles  of  a  liquid. 

Of  all  metals,  gold  is  the  most  malleable.  It  may  be  beaten 
into  leaves  stfotaffth  of  «n  inch  tliick.  In  this  state  of  tenuity, 
the  1 1 id :il  allows  a  bluish-green  light  to  pass  through  it.  Tin  also 
is  quite  malleable,  and  may  be  made  into  leaves  the  r^Wth  part 
of  an  inch  thick.  It  is  by  virtue  of  this  property  of  malleability 
that  the  coppersmith  produces  from  flat  sheets  of  copper,  various 
hollow  domestic  utensils,  as  kettles,  without  a  single  seam  or 
eraek  throughout  their  whole  extent. 

Of  the  ordinary  malleable  metals  two,  viz.,  platinum  and  iron. 
possess  the  property  of  being  welded,  or  united  together  at  a 
white  or  red  heat.  By  the  discovery  of  this  welding  property  in 
Ehe  case  of  platinum,  a  distinguished  Knglish  chemist  is  said  to 
have  made  an  enormous  fortune  by  his  own  hands.  He  bought 
platinum  black  and  scrap  metal,  and  raising  it  to  a  white  heat 
submitted  it  to  blows  in  a  steel  cylinder,  and'  thus  converted  it 
into  bars  or  ingots,  thereby  more  than  quadrupling  its  value. 
The  welding  property  of  gold  at  the  ordinary  temperature  of  the 
air  is  appiied  by  the  dentist  in  tilling  teeth. 

65.  Ductility. —  Allied  to  malleability,  but  differing  therefrom, 
ix  Hint  propirfi/  poxxeswj  hi/  .s...,,-,-  metuh  irliieh  otafiles  us  to  draw 
ili,-„,  out  iiifu  in'n.s  of  i-inrc'lhu*  fineness. 

A  platinum  wire  only  (lie  ;i  iri'liriTth  of  an  inch  in  diameter,  was 
made  by  Dr.  Wollaaton  in  the  following  way:  A  wire  of  plati- 
num was  placed  in  the  interior  of  a  silver  cylinder;  the  compound 
bar  was  then  drawn  out  in  the  usua!  way,  until  the  limit  of 
ductility  was  reached.  The  stiver  was  then  dissolved  in  nitric 
acid,  when  a  platinum  wire  remained,  which  was  about  half  the 
thickness  of  the  thread  of  ■   spider's  web,  and   only   distinctly 

visible  when  heated  to  rednew  in  a  flame. 

Next  to  platinum,  the  order  of  ductility  for  the  metals  is 
silver,  iron,  copper,  gold.      Molten  glass  is  also  very  ductile. 

Certain  organic  bodies  rival  and  even  surpass  inorganic  sub- 
stances in  this  respect.  Sugar,  for  example,  may,  at  certain 
temperatures,  be  drawn  into  threads  far  finer  than  the  wires  of 
many  metals. 

Of  all  known  bodies,  that  which  possesses  this  property  in 
the  highest  degree  is  the  liquid  silk  from  which  the  spider  spins 
its  gossamer  thread.  Near  the  extremity  of  the  abdomen  in 
these  ereatQrea,  there  are  four  to  six  nipples,  each  of  which,  in 
some  apedes,  u  perforated  by  about  a  thousand  minute  holes. 
From  than  the  adhesive  fluid  oozes  to  form  the  thread,  which 
hardens  on  contact  with  the  air.     The  final  thread  of  the  web. 
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fin  €5  as  it  is,  therefore,  contains  innumerable  minute   threads 
w!j  Ich  have  issued  from  the  apertures  of  the  spinneret. 

06.  Tenacity  is  defined  by  Ganot  as  "the  resistance  which  a 
bocfjy  offers  to  the  total  separation  of  its  parts."  It  differs  according 
to  ^:lie  manner  of  application  of  the  force.  In  the  ordinary  sense 
it  is-  resistance  to  traction,  or  a  pulling  force.  If  applied  to  re- 
sistance to  fracture,  it  is  called  relative;  to  resistance  to  crushing, 
reactive;  to  resistance  to  lateral  displacement,  sheering;  to  resist- 
an<r«  to  twisting,  torsional. 

CJontinued  application  of  a  force  diminishes  the  tenacity  of  a 
wiir«;  elevation  of  temperature  has  the  same  effect.  Tenacity 
also  varies  with  the  form  of  the  bar;  it  is  greater  in  a  cylinder 
tha,n  in  a  prism,  and  greater  in  a  hollow  than  in  a  solid  cylinder. 
In  "tile  latter  case  it  reaches  its  maximum,  when  the  external 
ra<!  i  us  is  to  the  internal  as  11  to  5.  The  tenacity  of  many 
bociies  is  greater  in  one  direction  than  in  another.  Wood,  for 
example,  otters  greater  resistance  with  the  grain  than  across  it. 

-A.  nimal  and  vegetable  structures  offer  numerous  examples  of 
the  tise  of  hollow  cylinders  to  increase  tenacity.  The  quills  of 
bird  feathers,  the  bones  of  animals,  aud  the  stems  of  grain,  are 
all  constructed  on  this  plan.  The  fibre  of  the  silk-worm  has  a 
ten  a. city  equal  to  that  of  brass  wire,  and  three  or  four  times  that 
of  a.  hemp  fibre  of  equal  diameter.  Ligaments  and  tendons  are 
very  tenacious.  Catguts  made  of  intestines  of  the  sheep  and 
goat:,  also  possess  great  tenacity. 

Tlie  superiority,  in  this  respect,  of  iron  and  steel  over  other 
BuUsstances  is  shown  by  the  following  table,  in  which  the  weight 
in  tons,  supported  by  a  rod  one  inch  square  in  section,  is  given. 

Metal  8. 


Cast  *  tw?  1 . 

45-00  ton*. 

Silver 

• 

5    tun* 

Wrought  iron  . 

•J5-JJ0     " 

Gold 

• 

.     4}     " 

Cast  iron  . 

6-13     " 

Zinc 

. 

.     *2       » 

Copper 

9-2tt     " 

Tin 

. 

.    n    " 

Platinum 

8     " 

Woods. 

Lead 

• 

.    1 

Teak 

7-0.1  tons. 

Deal 

• 

.     t)    tons 

Oak . 

4-9"     " 

Beech    . 

# 

Ash . 

8       " 

87.  Elasticity,  in  general  terms,  may  be  defined  as  the  property 
by  virtue  of  which  a  body  that,  has  heen  changed  by  the  action  of  force 
regains  its  original  form  and  size  when  the  force  is  relaxed.  In  liquids 
aud  gases  the  term  is  applicable  only  to  variations  in  volume ;  in 
solids  it  applies  also  to  the  position  of  the  molecules. 

Both  hard  and  soft  solids  are  endowed  with  elasticity.  In  the 
former  the  extent  of   strain  permissible  within  the  limits  of 
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elasticity  is  much  less  than  in  the  latter.  If  the  limit  of  elasticity 
is  exceeded,  a  permanent  set  is  produced,  as,  for  example,  when 
the  ligaments  of  a  joint  are  sprained. 

As  was  the  case  with  tenacity,  elasticity  in  solids  presents 
itself  under  different  aspects,  viz.:  1st,  of  traction :  2d,  of  eom- 

fression;  3d,  of  flexure  or  bending;  4th.  of  torsion  or  twisting, 
n  ordinary  parlance,  elasticity  of  tension  or  traction  is  applied  to 
bodies  like  India-rubber,  which  will  undergo  considerable  elonga- 
tion without  breaking.  In  such  cases  the  return  to  the  original 
length  is  only  partial,  and  after  they  have  been  stretched  a  few 
times  they  show  a  permanent  elongation.  The  true  force  of 
elasticitv  in  solids  in  scientific  signification,  is  not  so  much  that 
property  which  permits  extension  as  it  is  that  which  permits  the 
displaced  molecules  to  return  to  their  original  position. 

Among  animal  tissues,  examples  of  elasticity  of  traction  are 
offered  by  the  yellow  elastic  tissue  in  the  arteries  and  by  the 
ligamcntum  nucha?.  It  is  said  that  in  the  long  neck  of  the 
giraffe,  if  the  ligamentum  nucha?  be  cut  from  its  attachments  to 
the  vertebrae,  it  cannot  again  be  stretched  to  its  original  length 
without  rupture,  so  great  is  the  force  with  which  it  has  con- 
tracted upon  itself. 

68.  Contractility. — The  jK>wer  of  contractility,  whereby  a  muscle 
under  ite  influence  of  i»ercuus  stimulus  cm  increase  or  diminish  its  own 
length.  #*  tfte  highest  development  of  elasticity  of  traction.  The  force 
with  which  a  muscle  contracts  is  not  realized  until  we  examine 
the  manner  in  which  it  is  attached  to  the  bones  u{»on  which  it 
act-*.  Invariably  it  works  on  the  short  arm  of  a  lever,  and, 
therefore,  to  produce  results  which  appear  to  be  feeble,  very 
great  contractile  force  must  be  developed. 

While  acting  under  the  control  of  the  will,  the  contractions  of 
a  muscle  are  usuallv  within  the  limits  of  its  elasticitv,  occasion- 
ally,  however,  where  supreme  effort*  have  been  made  the  limit 
of  elasticity  is  overpassed,  and  rupture  takes  place.  This  not 
unfre'pieiitly  happen*  in  the  contractions  attending  certain  spas- 
modic diseases,  and  al>o  from  the  action  of  drills  like  strychnia. 

Though  dovile  anil  obedient  to  the  nervous  influence  while  a 
creature  lives,  the  muscular  tissue  asserts  itself  after  death,  and 
make-  it.-  la-t  and  most  prolonged  effort  of  contraction,  thereby 
producing  the  condition  of  the  body  called  rigor  mortis.  This 
usually  supervenes  in  from  three  to  six  hours  after  death,  but  it 
oft«ri  e-iTiivs  on  much  sooner.  Nurses  always  bind  the  jaw  and 
clo»i«  the  eyelids  a*  soon  as  possible  after  death,  exj>erienee 
having  taught  them  that  sometimes  the  rigor  sets  in  in  these 
part*  within  a  few  minutes.  Krown-Si^uard  says  that  rigor 
iiiorti-  >o!iietime*  comes  on  before  the  heart  has  ceased  to  beat. 

In  death  on  the  battle-field,  when  a  bullet  has  struck  a  vital 
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part  and  death  is  almost  instantaneous,  rigor  mortis  occurs  im- 
mediately. The  hand  grasps  the  rifle  with  a  firmer  grip  than  in 
life,  and  the  last  expression  of  fury,  or  of  terror,  that  flitted  over 
the  face,  is  stamped  on  the  marbled  countenance  of  the  dead 
solclier. 

Duration  of  rigor  mortis  depends  largely  on  temperature 
among  other  causes.  Sometimes  it  lasts  only  one  or  two 
hours.  In  winter  it  often  endures  for  six  or  eight  days;  in 
verv  cold  weather,  even  for  two  or  three  weeks. 

f* he  slaughtering  of  animals  for  table  use  should  always  be  so 
managed  as  to  allow  time  for  the  rigor  mortis  to  pass  off.  From 
an  aesthetic  point  of  view,  it  is  not  pleasant  to  dine  off  a  chicken 
we  have  just  seen  disporting  itself  on  the  lawrn  of  our  friend's 
country  seat.  From  an  epicurean  point  of  view,  such  flesh  is 
always  tough. 

69.  Elasticity  of  Compression. — An  admirable  example  of  the 

elasticity  of  compression  is  offered  by  an  ivory  billiard  ball.     If  such 

a  ball  be  dropped  from  a  height  upon  a  smooth  stone  slab  which 

has  been  smeared  with  black:  paint,  the  paint  will  form  a  spot 

of  considerable  diameter  upon  the  ball.     Resting  the  ball  on 

the  surface  of  the  slab,  only  a  minute  spot  is  formed.     It  is 

therefore  evident  that  when  the  ball  strikes  the  surface  with 

considerable  force  its  particles  are  driven  in,  or,  in  other  words, 

it  undergoes  compression,  otherwise  the  formation  of  the  large 

spot  is  inexplicable.     It  is  the  instant  return  of  the  molecules 

of  ivory  to  their  original  position  that  causes  the  ball  to  rebound 

from  the  slab.     This  property  is  possessed  in  so  high  a  degree 

by  ivory  that  long-continued  use  of  balls  made  of  this  substance 

produces  no  appreciable  change  in  their  spherical  shape. 

This  form  of  elasticity  is  exemplified  in  animals  by  the  inter- 
vertebral substance. 

70.  Elasticity  of  Flexure. —  When  a  horizontal  bar  of  metal  or  wood 
^  fixed  at  one  extremity ,  and  a  itwght  applied  at  the  other,  the  rod 
foxes  or  bends.  The  moment  it  is  released  from  the  weight  it 
springs  back  toward  its  first  position,  passes  it,  and  after  a 
greater  or  less  number  of  oscillations,  it  comes  to  rest  at  its 
original  position.  This  is  what  is  meant  by  elasticity  of  flexure. 
It  is  of  interest  in  connection  with  the  phenomena  of  sound,  as 

Knluccd  from  tuning-forks  and  other  acoustic  apparatus, 
ese  are  to  be  the  subject  of  study  hereafter.  This  form  of 
elasticity  in  metals  is  generally  increased  by  chilling  or  harden- 
ing and  lessened  by  annealing.  Some  metals,  as  steel,  possess 
it  m  a  high  degree,  in  others  it  scarcely  exists.  It  is  of  impor- 
tance in  the  construction  of  all  forms  of  surgical  apparatus  in 
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which  springs  are  used,  as  in  the  trusses  for  hernia  and  appli- 
ances for  the  correction  of  deforraitv. 

Among  organic  bodies,  it  is  seen  in  the  costal  cartilages; 
wood,  likewise,  possesses  elasticity  of  flexure  in  a  high  degree.  It 
is  also  found  in  such  substances  as  feathers,  wool,  and  hair,  and 
gives  to  them  the  elasticity  which  adapts  them  for  use  in  the  con- 
struction of  pillows  or  cushions,  and  other  articles  of  furniture. 

The  elastic  virtue  in  hair  has  rendered  its  use  possible  as  a 
means  for  the  commission  of  murder.  Instances  are  on  record 
in  which  very  finely  chopped  hair  has  been  mixed  with  food  and 
administered  to  the  victims  of  the  poisoner.  Under  the  con- 
tractions of  the  stomach  the  portions  of  hair,  by  alternately 
yielding  and  regaining  their  form  bv  virtue  of  their  elasticity, 
have  worked  their  wav  into  and  become  imbedded  in  the 
mucous  and  muscular  coats  of  the  organ,  to  such  an  extent  as  to 
become  sources  of  local  inflammation  which  has  finally  caused 
death.  The  obscurity  of  origin,  and  the  natural  characters  ot 
inflammation  so  produced,  render  the  detection  of  the  crime 
exceedingly  difficult. 

71.  Elasticity  of  Torsion  *s  that  property  by  which,  tchen  a  suspended 
n>/,  ?f«>c\  vr  fibre  is  fixed  at  the  upjwr  aid  and  twisted  at  the  lower*  the 
tree  end  returns  immediately  t*acards  its  original  position  when  released 
troih  tlie  twisting  for  v.  If  a  shot,  or  other  heavy  body,  be  at- 
taehed  to  the  lower  end  of  the  suspended  wire,  in  untwisting, 
the  wire  passes  beyond  its  original  position,  and  then  returns 
in  the  opposite  direction.  Thus  a  series  of  oscillations  are  pro- 
duced. An  apparatus  formed  on  this  principle,  and  known  as 
the  i*dat:*e  of  Coulomb,  is  used  for  the  measurement  of  electric 
attraction  and  repulsion. 

Spiral  springs  involve  elasticity  of  torsion  in  their  action  as 
well  a-5  other  Kinds  of  elasticity.  In  certain  kinds  of  plants, 
such  spiral  elastic  springs  are  applied  to  the  purposes  of  project- 
ing the  seeds  to  a  distance  from  the  parent  plant.  The  castor- 
oil  plant  can  in  this  way  throw  its  seeds  to  a  distance  of  ten  or 
fifteen  feet.  Elasticity  of  torsion  is  possessed  in  a  high  degree 
bv  wo'hI  and  steel:  scarcely  at  all  bv  lead. 

72.  Pliancy. — By  'his  we  wean  the  p^--pertyof  *--iny  suddenly  bent 
and  '  -is'ed  wif  how  fracture,  as  in  the  making  of  con!  from  hemp 
or  cotton. 

Organized  Kxlies  being  commonly  more  or  less  fibrous  in 
their  structure,  possess  this  property,  which  is  very  rarely  found 
among  minerals. 

Cotton,  woo\  flax,  silk,  hair,  and  all  similar  materials  which 
are  woven  into  cloth  or  fabrics,  are  exceedingly  pliant.  It  may 
be  said  to  l»e  the  chief  cause  of  their  value. 
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.Among  minerals  an  exceptional  example  of  pliancy  is  found 
in  the  substance  called  asbestos  or  amianthus.  So  flexible  is 
asbostos  that  it  has  been  woven  into  gloves,  jackets,  and  other 
articles  of  clothing.  Since  amianthus  resists  the  action  of  very 
high  temperature,  such  articles  of  clothing  are  incombustible. 
The  difficulty  connected  with  their  practical  use,  is  that  they 
are  so  heavy  that  if  a  fireman  dressed  in  a  suit  of  asbestos  cloth 
happens  to  fall,  it  is  almost  impossible  for  him  to  rise  again. 

73.  Opacity,  Transparency,  Color,  are  important  properties  of 
solid  as  well  as  other  forms  of  matter.  The  study  of  these  is 
best  accomplished  in  connection  with  the  examination  of  the 
relations  of  light  to  such  bodies. 

74.  Building  Materials. — These  embody  many  of  the  proper- 
ties of  solids  which  we  have  just  examined.  The  occurrence  of 
accidents  whereby  life  may  be  destroyed  or  persons  maimed, 
renders  it  desirable  that  the  physician  should  have  6ome  knowl- 
edge regarding  the  changes  to  which  these  materials  are  liable. 

wood,  and  similar  organic  bodies,  undergo  a  gradual  change 
in   the  nature  of  a  slow  oxidation,  which   Liebig  has   called 
eremacausis.     This  destroys  its  fibrous  and  cellular  character, 
and  undermines  its  strength.     The  stability  of  wooden  struct- 
ures is,  therefore,  of  comparatively  brief  duration. 

In  the  construction  of  railways,  the  preservation  of  the  wooden 
ties  on  which  the  rails  are  laid  is  of  the  utmost  importance. 
Exposed  as  they  are  to  the  action  of  weather,  they  are  very 
prone  to  this  destructive  change.  To  prevent  it  the  wood  has 
been  injected  with  various  solutions,  as  chloride  of  zinc,  carbolic 
acid,  tar,  and  others  too  numerous  to  mention.  The  best 
method  for  injection  seems  to  be  to  draw  the  solution  into  the 
wood  by  exhaustion,  rather  than  to  force  it  in  by  pressure. 

Iron,  now  so  commonly  employed  in  construction  of  build- 
ings and  of  railways,  under  the  continued  vibration  and  changes 
of  temperature  to  which  it  is  submitted,  occasionally  loses  its 
fibrous  structure,  and  becomes  highly  crystalline  and  brittle.  This 
change  is  especially  seen  in  the  axles  of  railway  cars,  and  not 
infrequently  in  the  rails  themselves.  Hence  the  serious  acci- 
dents which  occur  from  the  breakage  of  axles  and  rails,  especially 
during  the  winter  weather  when  the  ground  is  frozen  and 
unyielding. 

The  destructibility  by  fire  of  buildings  constructed  of  iron  is 
wonderful.  Columns  and  beams  which  appear  to  have  un- 
limited powers  of  resistance,  yield  in  the  most  unexpected 
nianner.  This  is  largely  due  to  the  warping  and  the  fracture 
which  iron  is  apt  to  undergo,  if  water  be  thrown  on  it  when  it 
is  heated  to  a  certain  temperature.     The  expansibility  of  the 
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metal  also  being  much  greater  than  the  stone  and  brick  with 
which  it  is  combined,  produces  innumerable  cracks  and  fissures 
in  the  walls,  and  so  undermines  their  strength. 

Of  building  materials  not  one  equals  well-made  brick,  in  its 
power  to  resist  the  action  of  fire,  and  we  may  add  of  time.  If 
the  composition  of  bricks  is  of  the  right  kind,  they  come  out  of 
the  ordeal  unharmed.  Their  edges  even  are  unscathed.  Water 
may  be  thrown  on  them  when  they  are  at  any  temperature,  and 
they  do  not  fissure.  Stone  of  all  kinds,  on  the  contrary,  is 
chipped,  flaked,  and  cracked,  both  by  the  action  of  the  fire,  and 
also  by  the  water  thrown  on  it  when  heated. 

75.  Hypothetical  Constitution  of  Solids. — The  best  summary  of 
our  present  knowledge  of  this  subject  is  that  given  by  Prof. 
Crookes.     It  is  as  follows  : 

1.  Solids  are  composed  of  discontinuous  molecules  separated 
from  each  other  by  a  space  which  is  relatively  large — possibly 
enormous — in  comparison  with  the  molecule  itself. 

2.  These  molecules,  composed  of  atoms,  are  governed  by  cer- 
tain forces,  viz.,  ro/iesion  or  attraction,  and  motion. 

3.  Attraction  appears  to  be  independent  of  absolute  tempera- 
ture; it  increases  as  the  distance  between  the  molecules  dimin- 
ishes; and  were  there  no  other  counteracting  force,  the  result 
would  be  a  mass  of  molecules  in  actual  contact  with  no  move- 
ment whatever — a  state  of  things  beyond  our  conception — a 
state,  too,  which  would  probably  result  in  the  creation  of  some- 
thing which,  according  to  our  present  views,  would  not  be 
matter. 

4.  The  force  of  cohesion  is  counterbalanced  by  the  motion, 
which  is  also  an  inherent  property  of  individual  molecules  them- 
selves. These  movements  vary  directly  with  the  temperature, 
increasing  and  diminishing  in  amplitude,  as  the  temperature 
rises  and  falls. 

5.  In  solids  the  force  of  attraction  or  cohesion  is  greater  than 
that  of  repulsion. 

t).  The  molecules  in  solids  do  not  travel  from  one  place  to 
another,  but  possess  a  fixity  of  position  about  their  centre  of 
oscillation. 

7.  Matter,  as  we  know  it,  has  so  high  an  absolute  temperature, 
that  the  movements  of  the  molecules  are  large  in  comparison 
with  their  diameter,  for  the  mass  must  be  able  to  bear  a  reduc- 
tion oi  temperature  of  nearly  — 3o0J  C  before  the  amplitude 
of  the  molecular  excursions  would  vanish. 

8.  The  solid  state  is,  in  reality,  merely  the  effect  upon  our 
senses  of  the  motion  of  the  molecules  among  themselves. 
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GENERAL  AND  SPECIAL  PROPERTIES  OF  LIQUIDS. 
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78.  Form  not  Fixed. — Any  liquid  placed  on  a  level  surface 
spreads  itself  into  a  layer  of  greater  or  less  tenuity,  and,  if  the 

3oantity  is  considerable,  with  no  regularity  of  outline.  The 
ightest  tilt  of  the  surface  at  once  changes  the  outline  and  the 
thickness  of  the  layer  in  different  parts.  Poured  into  a  vessel 
of  any  shape,  the  liquid  immediately  adapts  itself  to  the  form 
of  the  vessel.  Liquids,  therefore,  differ  essentially  from  solids 
in  that  they  do  not  have  a  fixed  form. 


77.  Resist  Compression. — In  this  respect  liquids  stand  interme- 
diate between  solids  and  gases,  the  fixity  of  position  in  the 
molecules  in  solids  giving  them  a  great  advantage  over  the 
other  forms  of  matter. 

78.  Compressibility. — The  experiments  of  the  Florentine  acade- 
micians, in  which  water  oozed  through  the  walls  of  a  hollow  globe 
of  gold,  led  them  to  the  conclusion  that  this  liquid  was  incom- 
pressible, and  for  a  long  time  that  opinion  was  accepted.  In 
1761  the  English  physicist,  Canton,  found  that  when  water  was 
placed  in  an  air-pump  vacuum  it  expanded.  The  amount  of 
expansion  was  0.000044  of  the  volume  employed. 

Id  1819  Perkins  submitted  water  enclosed  in  suitable  vessels 
to  enormous  pressures  by  lowering  them  to  great  depths  in  the 
ocean.  The  results  of  his  experiments  gave  0.000048  as  the 
compression  for  each  atmosphere  of  pressure. 

6 
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A   few    years   later    (Ereted,  bv  an   instrument  called     ^- 
piezometre.  in  which   the  prepare  was   obtained  by  a  *cr^'     ' 
found  nearly  the  same  results.     The  following  table  rives    C^-*1. 
values  of  compression  per  atmosphere  obtained  by  \L  Grtf^^J 
by  means  of  the  process  of  Regnault.     The  experiments  w^^ 
made  at  0  s  C. 


1.  Mercurr 

o.r«oc5 

4.  Akohoi 

.    000006 

%  Water  . 

.    O.OOOOCO 

a.  Ether   . 

.    0.000111 

3.  Chloroform   . 

.     l\00C«>5 

79.  Elasticity. — A  general  definition  of  elasticity  has  beet* 
given  in  *4o}.  In  the  case  of  solids  this  property  exists  ii* 
various  forms,  but  in  that  of  liquids,  only  in  respect  to  volume. 
In  solids  the  elasticity  of  compression  is  displayed  within  narrow 
limits,  beyond  which  they  are  permanently  compressible,  a« 
shown  in  the  greater  density  given  to  many  metals  by  hammer- 
ing and  rolling  (see  specific  gravity.  59).  In  liquids,  on  the 
contrary,  the  amount  ot  compressibility  is  greater,  water  shrink- 
ing j^  of  its  volume  under  the  pressure  of  a  column  of  that 
fluid  one  mile  in  depth.  On  removing  the  pressure,  a  fluid 
returns  rigorously  to  its  original  volume.  The  elasticity  of 
liquids,  therefore,  is  absolute  under  all  ranges  of  pressure  to 
which  we  can  submit  them. 

In  the  case  of  solids,  elasticity  of  compression  was  shown 
by  the  recoil  of  an  ivory  ball  from  the  surface  of  a  slab  of 
atone  ('69?.  In  the  same  wav  globules  of  mercurv  rebound  from 
a  hard  surface.  Molten  autimonv  thrown  on  a  table  or  floor 
gives  an  admirable  illustration  of  the  same  property,  bounding 
along,  and  leaving  a  dot  of  metal  wherever  it  has  touched. 

The  elasticity  contractility,  and  pliancv  of  the  solid  tissues 
of  animals  are  largely  owing  to  the  presence  of  water.  A  dry 
muscle  could  not  contract.  Deprived  of  its  water,  the  skin 
would  lose  all  the  physical  properties  which  so  eminently  fit  it 
for  the  purpose  it  serves.  So  important  is  water  in  the  human 
economy,  that  no  less  than  two-thirds  of  the  whole  weight  of 
the  body  is  made  up  of  this  ingredient.  In  an  oyster  81  per 
cent,  is  water,  and  in  certain  jelly  fish  «>r  aealepha?,  99  per  cent. 

80.  Poroiity. — Porosity  in  the  case  of  solids  has  been  discussed 
in  <43>.  Though  we  cannot  see  pores,  like  the  visible  pores  of  a 
solid,  iu  a  liquid  bodv,  nevertheless  some  maintain  their  exist- 
ence. In  support  ot  this  doctrine  the  following  experiments 
are  given  :  The  mixture  of  a  pint  of  alcohol  with  a  pint  of  water 
does  not  produce  two  pints,  but  much  less.  Gases,  also,  in 
enormous  quantity,  mav  he  forced  into  water  by  the  aid  of 
pressure  without  any  discoverable  increase  in  the  bulk  of  the 
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fluid.     Id  both  these  examples  it  is  as  perfectly  proper  to  sup- 
pose that  the  molecules  of  the  alcohol  or  of  the  gas  may  occupy 
the    intermolecular  Bpaces.     There  is,  however,  one  curious 
instance  iu  which  that  explanation  is  hardly  admissible,  and 
the  idea  of  the  presence  of  poreB  seems  the  correct  explanation. 
If  pare  melted  Bilver  be  exposed  to  air,  as  where  a  globule  of 
that  metal  is  kept  in  the  fused  state  in  a  blowpipe-flame,  it 
absorbs  the  oxygen  of  the  air  in  considerable  quantity  (some  22 
times  its  own  bulk).    On  cooling,  the  gas  escapes  just  before  the 
metal  becomes  solid,  and  while  it  is  yet  pasty,  as  it  were.    In 
consequence  of  this  escape  of  the  gas,  the  metal  is  dragged  out 
from  the  interior  of  the  globule,  and  the  exterior  is  covered  by 
mossy  or  arborescent  masses  of  frosted  silver. 

8L  Volume  Variation*. — In  solids  these  are  exceedingly  minute 
(•»!).  In  liquids  they  are  much  greater.  The  amount  of  expan- 
sioD  for  a  given  rise  of  temperature  is  also  greater  at  a  high 
than  at  a  low  degree.  As  the  liquid  approaches  its  boiling 
point  the  rate  of  expansion  becomes  very  irregular.  Towards 
the  freezing  point  a  similar  irregularity  is  noticed.  For  this 
reason  liquids  cannot  be  used  in  the  construction  of  thermome- 
tem,  except  within  ranges  which  are  more  or  less  distant  from 
their  boiling  and  freezing  points. 

82.  Density  or   Specific   Gravity. — Liquids,   like   solids,  show 
considerable  variations  in  specific  gravity,  from  dense  mercury 
aou  sulphuric  acid  to  light,  limpid  ether.    In  a 
general  way,  it  may  be  said  that  liquids  are  lighter  ^     " 

than  solids,  and  heavier  than  gases.  As  we  have 
•een,  there  are  many  exceptions  to  the  first  of  these 
propositions ;  if  by  solids  minerals  aloue  were 
meant,  it  would  be  much  nearer  the  truth. 

The  most  satisfactory  method  for  the  determina- 
tion of  the  specific  gravity  of  liquids  is  by  the  spe- 
cific gravity  bottle,  A.  This  is  so  constructed  that 
it  will  hold  a  definite  quantity  of  the  liquid  to  be 
examined.     The  volume  is  accurately  measured  by  m¥itv 

the  introduction  of  a  stopper.  B,  provided  with  a  (.,,,1,. 

capillary  tube  to  give  egress  to  any  excess  of  fluid. 
The  weight  of  the  bottle  and  stopper  is  first  determined  while 
it  is  perfectly  dry.  The  bottle  is  then  tilled  with  distilled  water 
at4°C.  The  stopper  is  introduced  and  all  excess  of  water 
carefully  removed  by  bibulous  paper;  it  is  then  weighed.  The 
weight  of  the  bottle  subtracted  from  this  gives  the  weight  of 
water  it  contained.  The  water  is  then  removed,  and  the  oottle 
rinsed  with  the  liquid  to  be  examined;  it  is  then  filled  there- 
with at  0°  C,  and  again  weighed.    The  weight  of  the  bottle 
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.     18.598 

Distilled  water  at  4°  C.  . 

1.000 

.       2.960 

Distilled  water  at  0°C.  . 

0.999 

1.841 

Claret  .... 

0  994 

.       1.525 

Castor  oil 

0.969 

1.420 

Cod-liver  oil 

0.928 

l       1.293 

Olive  oil 

0.915 

.       1.260 

Sperm  oil 

0.875 

.       1.240 

Oil  of  turpentine . 

0.870 

.       1.060 

Oil  of  lemon 

0.862 

.       1.032 

Rectified  spirit 

0.888 

.       1.030 

Petroleum     . 

0.886 

.       1.026 

Absolute  alcohol  . 

0.793 

f 

Common  ether 

0.720 

.       1.005 

Ether,  absolute     . 

0.713 

deducted  from  this  gives  the  weight  of  the  volume  of  liquid.     Th 
volumes  of  the  water  and  the  liquid  being  the  same,  it  remain 
to  divide  the  weight  of  the  liquid  by  the  weight  of  the  wate 
when  the  quotient  is  the  specific  gravity  of  the  fluid. 


83. — Specific  gravities  of  liquids  at  0°  C.  compared  with  that  <> 
water  at  4°  C.  as  unity. 


Mercury . 
Bromine  . 
Sulphuric  acid 
Chloroform 
Nitric  acid 
Bisulphide  of  carbon 
Glycerine 
Hydrochloric  acid 
Blood 
Milk 
Urine 
Sea-water 

Well-water,     rarely 
as  high  as 

84.  Reunite  behind  a  Dividing  Solid. — This  property  is  possess^-  ** 
in  common  by  all  liquids  and  gases.     It  may  be  said  to  be  on  ^ 
of  their  distinguishing  characteristics;   solids,  only  in  very  ra^ 
instances  and  under  extraordinary  circumstances,  exhibit  it  in 
minor  degree. 

Hypothetical  Constitution  of  Liquids. 

85. — 1st.  Liquids  are  composed  of  molecules  separated  by 
interstices. 

2d.  The  molecules  are  composed  of  atoms,  as  in  solids. 

3d.  The  force  of  cohesion  is  much  less  than  in  solids. 

4th.  The  molecular  movements  are  far  greater  in  extent  than 
in  solids.     They  are  also  more  tumultuous  in  their  character. 

5th.  The  forces  of  cohesion  and  repulsion  are  very  nearly 
balanced. 

6th.  The  molecules  have  no  fixity  of  position,  as  in  solids,  but 
they  travel  from  place  to  place. 

7th.  When  heated  to  a  sufficiently  high  temperature,  the 
movements  of  the  molecules  become  so  excessive,  and  the  con- 
sequent repulsions  so  great,  that  at  last  cohesion  is  destroyed, 
the  molecules  fly  off  into  space  with  enormous  velocities,  and 
the  gaseous  state  is  assumed. 

86.  Liquidity  and  Vitcotity. — We  have  said  that  the  forces  of 
attraction  or  cohesion,  and  of  repulsion,  nearly  balance  each 
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other  in  liquids.  In  different  liquids,  however,  there  are  very 
different  degrees  of  cohesion.  In  ether,  naphtha,  and  alcohol, 
the  cohesive  force  is  weak;  it  is  scarcely  sufficient  to  enable  us  to 
blow  bubbles,  or  if  formed  they  are  evanescent.  On  being 
agitated,  such  liquids  are  exceedingly  mobile.  Possessing  the 
;n-[i|>erty  of  liquidity  in  the  highest  degree,  the  term  limpid  is 
iised  to  indicate  their  character, 

Iu  other  liquids  the  mobility  of  the  particles  is  hampered,  and 
their  movements  are  sluggish,  the  effects  of  agitation  are  quickly 

"t  Examples  of  this  group  are  offered  by  syrup,  glycerine, 
sulphuric  acid,  and  oils.  To  these  the  term  viscous  is  applied; 
mn  of  thern,  as  soapsuds  and  glycerine,  may  be  blown  into 
bubbles  of  considerable  size,  which  are  quite  permanent  in  their 
diameter.  Albumen  and  mucus  also  impart  this  property  in  a 
bigh  degree  to  fluids.  The  froth  on  an  eggnog,  made  by 
tatting  white  of  egg,  is  a  familiar  example.  In  the  case  of 
.  rhe  mucus  present  imparts  this  property  to  such  an  extent 
Tint  it  becomes  a  serious  impediment  in  the  way  of  reading  the 
specific  gravity,  the  layer  of  bubbles  on  the  surface  of  the  fluid 
obscuring  the  scale  and  its  figures. 

The  welding  metals,  as  platinum,  iron,  potassium,  sodium,  in 

tfieir  passage  from  the  solid  to  the  liquid  state  also  show  this 

.-  character.     Other  solids,  on  the  contrary,  like  ice,  pass 

instantly  from   solidity  almost   to  the  extreme  of  liquidity  of 

which  they  are  capable. 

87.  Asiume  Spheroidal  State. — As  vapor  of  water  passes  from 

,■    L'l'wmin  into  the  liquid  i-ninljiioii,  it   lirst    appears  as  minute 

Milierical  vesicles;  these   coalescing  produce  rain,  which    also 

closely  approaches  the  spheroidal  form.     In  like  manner,  water 

D  in  si  null  quantities  on  the  top  of  a  red-hot  stove,  instantly 

n  itself  up  into  small  spheres  which  drift  about  on  the  sur- 

finv  of  the  metal,  supported  on  a  cushion  of  steam  which  Sb 

■  "ii  their  under  surface. 

Other  examples  of  this  tendency  of  liquids  to  assume  the 

spheroidal  state  are  afforded  by  mercury  when  in  a  state  of  very 

minute  subdivision.     Melted  lead  also,  as  it  passes  through  the 

sieve  of  a  shot  manufactory,  assumes  this  figure  in  its  descent 

through  the  air,  and  finally  conies  to  us  as  solid  shot,  as  nearly 

spheroidal  as  it  is  possible  for  anything  to  be. 

The  cause  of  the  assumption  of  the  spheroidal  state  by  fluids 
is  directly  owing  to,  and  is  indisputable  evidence  of,  the  nearly 
balance  between  the  two  forces  of  cohesion  and  repulsion, 
associated  with  mobility  of  the  molecules  of  the  fluid.  Another 
admirable  illustration  of  this  fact  is  offered  by  Plateau's  experi- 
ment,  iu  which  a  quantity  of  olive  oil,  A,  is  suspended  iu  a 
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Fig.  10. 


F1ftt»«Q't  <-xp»niu»-nL 


mixture  of  alcohol  and  water  of  the  same  specific  gravity  as  th 
oil.     Under  these  conditions  the  oil  is  freed  from  the  influenc 

of  terrestrial  gravitation,  and,  thong 
several  inches  in  diameter,  the  mat 
assumes  an  almost  perfect  spheric* 
shape  in  the  midst  of  the  supportin 
alcoholic  medium.  When  it  is  cause 
to  rotate  on  its  axis  as  is  shown  i 
the  figure,  a  ring  often  forms  lik 
that  around  Saturn. 

The  approximately  spherical  fori 
of  the  satellites,  planets,  and  sun  c 
our  solar  system,  and  also  of  th 
stars,  is  generally  received  as  ev 
dence  that,  in  the  course  of  thei 
formation,  they  have  at  one  time  bee 
in  the  liquid  condition.  In  the  ca& 
of  our  own  earth,  many  facts  tend  to  show  that  the  interior  is  sti 
either  partially  or  wholly  liquid,  and  the  exterior  solid  cru« 
onlv  some  fiftv  or  one  hundred  miles  thick.  The  tendencv  c 
fluids  to  assume  the  spheroidal  state  is,  therefore,  not  only  ( 
interest  in  the  study  of  small  masses,  but  it  has  an  iniportanc 
and  application  that  are  onlv  limited  bv  the  cosmos  or  univere 
itself. 

Since  the  molecules  of  a  liquid  are  exceedingly  mobile,  th 
complete  studv  of  their  special  properties  makes  it  necessar 
that  we  should  examine  them,  both  in  a  condition  of  rest  and  ( 
motion.  The  study  of  liquids  at  rest  is  called  Hydrostatics^  thi 
of  liquids  in  motion  Hydrodynamics*  and  the  application  of  thee 
Hydraulics.  The  importance  of  the  study  of  these  subjects  i 
dependent  on  the  fact  that  they  furnish  the  means  for  determii 
ing  such  physical  properties  of  liquids  as  their  specific  gravit; 
They  explain  the  causes  of  the  circulation  of  the  various  flui<l 
in  the  body.  They  treat  of  methods  available  for  furnishing 
copious  supply  of  pure  water  and  removal  of  liquid  effete  ma 
terial  or  sewage.     \Ve  shall,  therefore,  devote  a  chapter  to  eacl 
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CHAPTER    VII. 


HYDROSTATICS. 

Hrdrostfttics  defined.  Pascal's  law — Hydrostatic  bed — Hydrostatic  test  for  steam 
boilers — Action  of  Pascal's  law  in  the  body — Vertical  downward  pressure — 
Vertical  upward  pressure— Lateral  pressure — Equilibrium  of  floating  bodies — 
Stability  of  floating  bodies — Hydrostatic  test  in  infanticide— Evidence  of  death 
by  drowning — Equilibrium  of  a  liquid  in  communicating  vessels — Natural 
springs — Wells  and  sewage— Artesian  wells — Equilibrium  of  two  liquids  ol 
different  densities — Pressure  on  bottom  of  a  vessel — Heterogenous  liquids — 
Spirit  level. 

88.  Hydrostatics  Defined.  Pascal's  Law. — Hydrostatics  is  the 
science  which  treats  of  the  conditions  of  equilibrium  in  liquids,  and  of 
their  pressures,  either  on  their  oum  mass,  or  on  the  walls  of  the  vessels 
containing  them. 

The  law  which  underlies  all  the  phenomena  of  hydrostatics  is 
known  as  Pascal's  law.  It  may  be  briefly  stated  as  follows : 
Since  the  molecules  of  a  liquid  are  exceedingly  mobile,  a  pressure  ap- 
plied on  one  portion  of  an  enclosed  mass  of  fluid  must  be  equally  re- 
sisted, and  equally  transmitted  in  all  directions. 

Let  a  piston  and  cylinder,  A,  communicate  with  a  hollow 
sphere,  B,  the  walls  of  which  are  perforated  by  small  tubes,  C, 


Fio.  11. 


Fig.  12. 


E>ltiulit>  of  pressure  in  fluid*. 


Ilyilninlic  pr«-s 


ending  in  jets.  The  sphere  and  cylinder  being  filled  with  water, 
and  pressure  applied  to  the  piston,  the  water  does  not  issue 
solely  from  the  jets  opposite  the  piston,  but  with  about  the  same 
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freedom  and  force  from  all  the  jets,  regardless  of  their  position, 
thus  demonstrating  the  equal  distribution  of  the  pressure  in 
all  directions. 

This  property  of  liquids  gives  us  the  explanation  of  the  action 
of  the  hydraulic  press,  by  which,  from  a  moderate  force,  enor- 
mous pressures  may  be  produced.  It  consists  of  a  large  cylinder, 
A,  with  a  piston,  the  area  of  the  cross  section  of  which  is  100 
square  inches.  The  lower  part  of  A  communicates  with  a  small 
cylinder  and  piston,  B,  the  area  of  which  is  1  square  inch.  If 
on  the  top  of  the  small  piston  a  weight  of  one  pound  be  placed, 
every  square  inch  of  the  large  piston  will  suiter  the  same  press- 
ure as  that  on  the  small  piston.  Being  100  times  as  large,  the 
pressure  will,  therefore,  be  100  times  as  great. 

89.  The  Hydrostatic  Bed. — The  hydrostatic  or  water  bed  for 
the  sick,  in  its  first  form,  consisted  of  a  water-tight  box  of  the 
size  of  an  ordinary  sofa,  and  some  18  inches  deep.  In  the  box 
about  six  inches  of  water  were  placed.  A  sheet  of  water-proof 
material  was  laid  loosely  on  the  surface  of  the  water,  and 
fastened  to  the  sides  of  the  box.  A  thin  mattress  was  then  laid 
on  the  waterproof  cloth,  and  on  this  a  folded  blanket.  The 
water  bed  differs  from  the  ordinary  bed,  in  that  the  pressure  on 
the  body  of  the  person  lying  on  it  is  equally  distributed  over  all 
portions  of  its  surface  of  contact.  Local  pressures  are  impos- 
sible. The  circulation  in  the  capillaries  is  not  interfered  with, 
and  consequently  the  formation  of  bed-sores  is  prevented. 

In  its  recent  form,  the  water-bed  is  a  mattress,  or  large  sack 
made  of  stout  India-rubber,  and  filled  with  water.  It  is  costly, 
and  for  this  reason  we  have  described  the  earlier  form,  which 
may  be  improvised,  at  a  moderate  expense,  with  the  exercise  of 
a  little  ingenuity.  Water  beds  are  of  especial  value  in  the  treat- 
ment of  fevers.  They  not  only  prevent  the  formation  of  bed- 
sores, but  the  relief  from  distress  afforded  during  the  early  part 
of  the  attack,  often  prevents  the  disease  from  reaching  a  danger- 
ous stage. 

Since  there  is  no  necessity  for  changing  the  position  to  gain 
relief  from  pressure,  as  on  ordinary  beds,  persons  have  some- 
times remained  unmoved  for  so  long  a  time,  on  a  water  bed, 
that  a  serious  stiffness  of  the  joints  has  resulted;  this  should  l>e 
prevented  by  occasional  passive  motion.  Proper  care  should 
also  be  taken  that  the  water  with  which  the  bed  is  charged  is 
not  too  cold,  as  the  patient  might,  in  some  instances,  suffer 
thereby,  either  from  shock  or  from  too  great  an  abstraction  of 
caloric  from  the  body.  Especially  should  attention  be  paid  to 
this  matter  in  the  case  of  a  person  suffering  from  phthisis.  In 
certain  febrile  diseases  the  cold  would  be  advantageous.  If  the 
dew  point  is  high,  and  the  water  in  the  bed  very  cool,  the  bed- 
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ding  would  Becesaarilj'  become  damp  by  condensation  of  moist- 
ure of  the  air,  and  complications  like  rheumatism  be  introduced. 
Though  an  admirable  contrivance,  the  water  bed  requires  a 
great  amoont  of  attention  in  He  use,  not  more,  however,  than 
any  intelligent,  humane  physician  ought  to  be  willing  to  give  in 
the  interest  of  bis  patient. 

90.  Hydrostatic  Teat  for  Steam  Boilers. — The  law  demands  that 
from  lime  to  time  all  boilers  for  steam  engines  shall  be  sub- 
mitted to  a  test  by  pressure,  to  determine  their  safety  and 
ability  to  resist  the  elastic  force  of  steam.  For  this  purpose 
Htat  ifl  placed  in  the  apparatus,  a  force  pump  is  attached,  and 

an  closed.  Pressure  is  then  brought  to  bear  upon 
(rf  the  boiler  by  throwing  the  pump  into  action. 

By  Ibis  method  weak  points  in  the  machine  are  detected, 
it  yields  quietly,  and  leakage  occurs  wherever  there  is  a  flaw  in 
id  ''(instruction.  There  is  no  explosion  as  would  be  the  case 
with  steam  or  air;  there  is  therefore  no  risk  to  life  in  applying 
liit'  test.  The  pressure  thus  applied  is  often  double  that  for 
Hidi  the  boiler  is  warranted  by  the  inspector. 

The  difficulty  with  this  teat  is  that,  by  the  great  strain 
brought  to  bear,  parts  which  would  otherwise  have  resisted 
ordinary  pressures  for  a  long  time  are  weakened,  and  conse- 

Smtitly  lew  able  to  bear  strain  afterwards.  The  test,  moreover, 
»fs  not  entirely  meet  the  requirements  of  the  case ;  it  applies 
.1  -ic'Lilv,  continued  strain.  In  actual  use,  on  the  contrary,  the 
strain  is  a  pulsating  one.  A  throb  is  produced  every  time  the 
Mm  passes  from  the  boiler  into  the  cylinder.  It  is  evident 
tint  in  the  latter  case  the  tendency  to  the  loosening  and  wear- 
ifigofthe  rivets  aud  other  parts  of  joints,  must  be  much  greater 
iti;in  in  the  former. 

91.  Action  of  Pascal's  Law  in  the  Body. — The  examples  are  very 
nun 1 1.' ro us,  especially  in  diseased  conditions.  Among  these  we 
I'm  iiHiition  the  pain  and  interference  with  the  action  of  the 
lieurt  unending  effusion  into  the  cavity  of  the  pericardium ; 
tl«  torture  suffered  in  the  cavity  of  a  joint  when  its  unyielding 
walls  are  distended  by  accumulation  of  synovia;  the  effects  upon 
the  hrain  of  accumulation  of  arachnoidal  fluid  within  the  bonj 
wallfl  of  the  cranium,  or  of  effusion  of  blood  therein. 

The  manner  in  which  an  aneurism,  especially  that  called  dis- 
»Miitg,  finds  its  way  between  tissues  depends  upon  this  princi- 
pjfc  The  intolerable  pain  suffered  when  the  bladder  is  over- 
filled with  urine,  arises  from  the  same  cause.  So  long  as  the 
iirim.-  ^'cumulates  in  the  bladder  and  it  distends,  the  inconve- 
nience may  be  borne.  When  the  sac  is  full  and  the  outlet 
closed,  as  in  stricture  of  the  urethra,  the  secretion  of  the  fluid 


continuing,  the  pressure  upon  the  walla  of  the  organ  becomes 
so  great  as  to  be  unbearable,  and  rupture  occasionally  results. 

92.  Vertical  Downward  Pressure. — Gravity  produces  internal 
pressures  of  different  degrees  in  different  parts  of  a  liquid. 
The  lower  layers  of  the  fluid  contents  of  a  vessel,  evidently 
support  a  greater  weight  than  those  which  are  superficial.  The 
pressures  in  different  parts  of  a  liquid  depend  on  the  following 
general  laws: 

1.  Pressure  on  any  layer  is  proportional  to  Us  depth. 

2.  In  viilik''  li'/Hult  the  pressure,  at  the  same,  depth  is  proportional 
to  their  specific  gravities. 

8.  In  a  given  horizontal  layer  the  pressure  is  the  same  in  all  its 
parts. 

Examples  of  the  action  of  these  laws  are  offered  in  certain 
diseased  conditions  of  the  human  economy.  In  accumulations 
of  fluid  in  the  thoracic  and  abdominal  cavities,  certain  positions 
are  more  endurable  than  others,  according  as  they  cause  the 
fluid  to  press  upon  certain  organs.  The  pleuritic  patient  natur- 
ally lies  in  the  position  which  relieves  his  lung  as  much  as  pos- 
sible from  the  pressure  of  the  fluid  accumulation.  In  dropsy,  the 
fluid  percolating  between  the  spaces  of  the  areolar  tissue  accu- 
mulates in  the  feet,  and  may  cause  but  little  discomfort.  When 
it  begins  to  rise  into  the  legs  the  increasing  pressure  produces 
pain,  and  may  even  result  in  rupture  of  the  skin.  Change  of 
position,  by  keeping  the  feet  elevated,  brings  relief  by  reducing 
the  height  of  the  column  of  liquid  which  produces  the  pressure. 

In  the  construction  of  the  piers  for  bridges,  where  men  are 
sometimes  obliged  to  work  in  caissons  under  the  pressure  of  a 
column  of  water  sixty  or  seventy  feet  in  depth,  they  pass  through 
an  intermediate  valve  or  chamber  to  reach  the  open  air.  Thus 
the  evil  consequences  of  a  sudden  passage  from  extraordinary 
to  ordinary  pressures  are  to  a  large  extent  avoided. 

In  the  estimation  of  the  pressure  at  various  depths,  it  is  well 
to  remember  that  the  increase  is  very  nearly  one  pound  to  the 
tu/uare  inch  for  every  two  feet  of  depth.  Hence  it  is  that  when 
a  ship  founders  at  sea,  or  a  whale-boat  is  drawn  to  a  great 
depth,  the  wood  does  not  again  rise  to  the  surface.  Every  pore 
baa  In-come  charged  with  the  sea  water,  and  its  buoyancy  is  lost. 

In  BOOMS  in  which  water  is  distributed  throughout  the  build- 
ing, the  usual  boiler  or  receptacle  for  hot  water  in  the  vicinity 
of  the  kitchen  range  affords  an  example  of  the  application  of 
vertical  pressure,  and  of  Pascal's  law.  The  pressure  on  the 
walls  of  such  a  boiler  is  far  greater  than  would  be  supposed. 
It  is  continually  under  a  very  heavy  strain,  since  from  it,  tubes 
pass  oftM  through  many  stories  to  a  height  of  sixty  feet,  or  even 
nu.ire.    The  pressure  on  every  square  inch  of  the  boiler  is,  there- 
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fore, equal  to  nearly  30  pounds.  If,  while  under  this  strain,  the 
water  he  allowed  to  boil  strongly,  or  a  stopcock  be  suddenly 
thin  metal  of  which  the  apparatus  is  made  sometimes 
yields,  and  serious  consequences  result  from  the  outflow  of  scald- 
in?  water. 

Where  allowance  ib  to  be  made  for  the  actual  weight  of  a 
uiassof  water,  or  of  its  volume,  it  may  be  estimated  on  the  basis 
/<„■>/  ■,/  ,r,ri,r  meiyhs  nearly  ii'2?.  pounds,  and  measures 
MOnfef  6]  goBant. 

93.  Vertical  Upward  Pressure  is  a  natural  sequent  of  the  pre- 
ceding. It  is  very  evident,  when  we  attempt  to  press  the  hand 
down  in  such  a  heavy  fluid  as  mercury,  or  when  we  seek  to 
pick  up  some  object  in  water  four  or  five  feet  in  depth.     The 

-Hi-.'  of  a  liquid  is  called  its  buoyancy;  it  is  propor- 
tional to  the  specific  gravity  of  the  fluid.  An  example  of  this 
i>  afforded  in  the  greater  buoyant  power  of  sea  water  compared 
'liih  fresh  Miner,  when  we  attempt  to  swim  therein.  The  urino- 
Mttf  aftd  all  similar  instruments  depend  upon  the  sum  of  the 
upward  pressures  of  the  layers  of  fluid  through  which  they  pass, 
for  their  action.  The  forcing  of  the  lung  into  the  upper  part 
of  the  pleural  cavity  by  effusion  in  the  chest,  is  also  dependent 

(upon  this  upward  pressure  of  fluids. 
The  laws  governing  the  upward  pressure  of  fluids  are  the 
wne  as  those  for  downward  pressure. 

94.  Lateral  Pressure  in  Liquids. — In  the  construction  of  water 
Units  in  the  upper  stories  of  dwellings,  the  question  of  pressure 
"tithe  sides  of  the  tank  often  becomes  a  matter  of  importance. 
Tlie  general  law  for  such  pressure,  is  that  it  "is  equal  to  the 
fright  of  a  column  of  liquid,  which  has  this  portion  of  the  side  for  its 
■'  ■  ■ .  and  whose  height  is  the  ver/i'-al  distance  from  the  centre  of  gravity 

.    rfio'i  fa  (hr  .airfare,  of  the  liquid." 

from  the  above  law,  it  is  evident  that  it  is  better  to  give  such 
tunks considerable  area  of  bottom,  and  small  altitude.  There 
'*  then  but  little  pressure  on  the  sides,  and  the  great  area  ot 
Mites  the  weight  better  over  the  beams  of  the  floor. 

Wlii  '■•■  cemented  walls  of  masonry  are  constructed  to  keep 
tanks  of  soil  in  position,  openings  should  always  be  left  in  the 
l"»er  parts  to  allow  for  the  escape  of  accumulations  of  water. 
If  this  is  not  done,  the  soil  being  wetted  by  a  heavy  rain,  loses 
it' consistency,  and  acting  like  a  fluid  mass  will  overthrow  the 
till,  which  cannot  alone  resist  the  pressure. 

Landslides,  which  are  so  often  attended   by  terrible  results, 

"-l^ially  when  they  occur  along  the  hanks  of  railway  cuttings, 

"re  produced  in  a  similar  manner.     The  incumbent  mass  of 

on  a  stratum  formed  of  clay  of  a  peculiar  consistency. 
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When  the  latter  becomes  soft  by  the  percolation  of  water,  it  loses 
its  sustaining  power,  and  being  for  practical  purposes  reduced 
to  the  condition  of  a  liquid,  permits  the  whole  mass  of  earth  to 
slide  down,  as  it  would  sink  in  water. 

* 

95.  Equilibrium  of  Floating  Bodies. — Two  forces  act  on  a  float- 
ing body,  viz.,  its  gravity,  which  forces  it  downwards,  and  the 

buoyant  power  of  the  liquid,  which  presses  it 
upwards.  The  conditions  of  equilibrium  under 
these  circumstances  are: 

1st.  The  flouting  body  must  displace  a  volume  of 
the  liquid  of  equal  weight. 

2d.  The  centre  of  gravity  of  the  floating  body 
must  he  in  the  same  vertical  line  with  that  of  the  dis- 
placed fluid. 

The  above  principles,  together  with  the  effects 
of  variation  in  the  specific  gravity  of  the  float- 
ing object,  are  beautifully  shown  in  the  toy 
known  as  the  Cartesian  diver,  Fig.  13,  in  which 
A  is  a  cylindrical  vessel  filled  with  alcohol  and 
water,  in  which  a  small  glass  figure  containing 
air  floats.  The  mouth  of  the  vessel  is  closed  by 
a  sheet  of  India-rubber.  When  pressure  is 
made  on  the  rubber,  the  air  iu  the  upper  part  of 
the  cylinder  is  compressed,  the  pressure  is  trans- 
mitted to  the  fluid,  which  is  forced  through  an 
aperture  into  the  interior  of  the  figure.  The 
specific  gravity  of  the  figure  being  increased,  it  sinks;  release 
of  pressure  produces  the  opposite  effect. 

A  device  somewhat  similar  to  the  preceding  is  found  in  the 
swimming  bladder  ot  fishes.  By  allowing  a  part  of  the  air  con- 
tained therein  to  escape,  they  increase  their  specific  gravity  and 
sink.  Bv  increasing  the  included  air,  the  bodv  becomes  lighter 
and  rises.  These  movements  are  thus  accomplished  with 
sea  reel  v  anv  muscular  etfort. 

96.  Stability  of  Floating  Bodies. — As  the  whole  weight  of  a 
bodv  is  regarded  as  bein*r  lodged  in  its  centre  of  gravitv,  so  its 
whole  flotation  power  may  be  regarded  as  being  concentrated 

in  its  centre  of  buovanev.    The  centre  of  buovancv  is  the  centre 

«        *  •        • 

of  ^ravitv  oi  the  fluid  displaced  bv  the  bodv. 

That  a  floating  body  shall  be  stable  and  maintain  its  proper 
position  in  the  fluid,  its  centre  of  gravity  must  be  exactly  below 
its  centre  of  buoyancy.  In  the  stowing  of  a  ship's  cargo  this  is 
caretu'Iy  attended  to,  otherwise  she  will  capsize.  It  has  hap- 
pened that  when  salt,  sugar,  or  other  substances  soluble  in 
water,  have  been  placed  in  the  hold,  and  water  has  gained 
access  to  the  interior  of  the  vessel,  the  salt  or  sugar  dissolving 


Curtc*iati  ilivrr. 
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in  tbe  water  has  been  pumped  out  in  the  bilge-water.    The  trim 
of  the  vessel  being  thus  destroyed,  shipwreck  has  followed. 

97.  Hydrostatic  Test  in  Infanticide.-t-Ad  vantage  is  taken  of  the 
principle  of  flotation,  in  what  is  called  the  hydrostatic  test  for 
the  examination  of  supposed  cases  of  infanticide  and  murder. 
The  lungs  of  a  foetus  never  having  been  inflated  with  air,  have 
little  or  no  power  of  flotation.    If,  on  the  contrary,  the  child  has 
been  born  and  has  breathed,  the  lungs  having  been  once  dis- 
tended with  air  have  considerable  flotation  power,  of  which 
they  can  only  be  partially  deprived. 

In  a  post-mortem,  under  such  circumstances,  the  hydrostatic 
test  should  never  be  neglected.  Errors  may,  however,  arise. 
The  hepatized  lung  of  an  infant  would  have  but  slight  flotation 
power.  Putrefaction  of  the  lung  of  a  foetus  fills  it  with  gas, 
and  rives  it  considerable  flotation  power.  Both  of  these  errors 
are,  however,  avoided  by  proper  precautions.  Regarding  the 
supposed  fallacies  of  the  hydrostatic  test,  Woodman  and  Tidy 
in  their  '* Toxicology  "  say: 

1st,  If  we  take  care  that  the  water  is  cool  (not  above  62° 
Fahrenheit);  2d,  If  we  remember  to  cut  the  lungs  into  pieces, 
if  the  whole  do  not  float;  and,  3d,  If  we  combine  pressure  with 
the  floating,  there  is  in  reality  no  fallacy  except  the  difficulty  of 
distinguishing  cases  of  artificial  inflation  from  those  of  natural 
breathing.  We  suppose  it  must  be  conceded  that  it  is  not  pos- 
sible to  distinguish,  by  any  certain  tests,  the  differences  between 
lungs  naturally  expanded  by  breathing,  and  those  artificially  ex- 
panded by  breathing  into  them.  Though,  as  a  generally  true 
statement,  it  may  be  said  that  lungs  artificially  inflated  are  almost 
sure  to  be  emphysematous  in  a  far  higher  degree  than  is  probable 
in  lungs  of  tne  newly  born  which  have  not  been  so  treated. 

The  conditions  of  the  lungs  in  the  two  cases  are  given  by  the 
same  authorities,  as  follows: 

Lungs  which  have  not  breathed.  Lungs  which  have  breathed. 

1.  Dark  in  color  (black,  blue,  maroon,  1.  Light  in  color  (rose-pink,  paler 
°f  purple).     They  resemble  liver.  pink,  light  red,  or  crimson). 

2.  Air-vesicles  not  visible  to  naked  2.  Air-vesicles  distinctly  visible  to 
eye.  naked  eye,  or  to  lens  of  low  power  (say 

a  two  inch  or  common  reading  glass). 

3-  Do  not  crepitate  or  crackle  when       3.  They  crepitate  or  crackle  freely. 
*qu*ezed  or  cut.  ' 

4-  Contain  but  little  blood,  therefore  4.  Contain  a  good  deal  of  blood,  which 
little  escapes  on  section.  escapes  freely  on  section. 

o.  This  blood  is  not  frothy,  unless  o.  This  blood  is  freely  mixed  with  air, 
then?  ia  putrefaction.  and  therefore  frothy. 

6.  They  sink  in  water,  unless  putrid,       6.  They   float    in    water,    or,  at    all 
tod  often  even  then.  events,  the  parts  which  have  been  ex- 
panded or  have  breathed.     If  fully  ex- 
panded,  they   will   even   buoy   up   the 
neart. 

7.  The  bubbles  of  gas  arising  from  ,  7.  The  air  cannot  be  easily  squeezed 
putrefaction  can  be  squeezed  out.  i  out. 


98.  Evidence  of  Death  by  Drowning. — The  manner  of  death  of 
a  corpse  found  in  water  is  often  a  question  of  importance,  and 
i»  not  always  easily  settled.  Persons  who  are  drowning,  in  their 
struggles  expel  a  large  part  of  the  air  from  their  lungs  and  other 
organs.  They  also  swallow  a  considerable  amount  of  water; 
the  specific  gravity  of  the  body  is  thereby  eo  much  increased 
thai  it  usually  sinks.  Persons,  ou  the  contrary,  who  have  been 
killed,  and  then  thrown  into  the  water,  not  having  expelled  the 
air  from  their  bodies,  may  float  near  the  surface. 

If,  therefore,  a  corpse  in  which  there  are  no  evidences  ot 
putrefaction,  and  in  which  death  has  only  recently  occurred  is 
tound  floating,  the  presumption  is  that  the  person  was  murdered, 
and  then  east  into  the  water,  though  there  may  he  no  evidence 
of  external  violence.  It  is  true  that,  after  putrefaction  sets  in, 
the  body  of  a  drowned  person  comes  to  the  surface.  The  cause, 
in  this  case,  is  the  accumulation  of  gases  from  the  putrefactive 
process.  These  have  diminished  the  specific  gravity  of  the 
body  by  increasing  its  bulk.  In  this  case  the  sense  of  amell 
quickly  shows  the  possible  cause  of  flotation.  We  cannot  tell 
from  flotation  alone  whether  death  occurred  before  or  after  im- 
mersion in  water. 

Allowance  must,  of  course,  be  made  in  this  matter  for  the 
difference  between  the  flotation  power  of  the  fresh  water  of 
interior  regions  and  the  brackish  or  salt  water  of  sea-coast 
towns.  The  specific  gravity  of  the  latter  being  often  as  high  as 
1028,  a  corpse  would  float  easily  therein  which  would  sink  in 
the  waters  of  an  inland  pond,  lake,  or  river. 

Death  by  drowning  may  be  produced  by  a  very  small  quantity 
of  water.  The  following  case  occurred  in  New  York.  A  gentle- 
man was  taking  a  face  bath  in  a  basin  with  about  an  inch  of  water 
in  it;  in  some  way  he  mauaged  to  drown  himself,  and  was 
found  with  his  face  in  the  water.  Whether  it  was  a  case  of 
suicide  or  not,  was  a  subject  of  question.  Instances  are  not  un- 
common, in  which  persons  have  been  accidentally  thrown  with 
their  faces  down  in  soft  mud,  and  have  expired  in  that  position 
by  drowning. 

According  to  Woodman  and  Tidy :  Fat  people  float  the  boat 
Women  better  than  men.  Fat  young  children  and  inftotB 
better  than  women.  Bony,  lean  persons  not  at  all.  Sometimes 
bodiu  'I"  not  sink  in  sea-water. 

When  weights  are  found  attached  to  a  corpse  in  the  water, 
especial  care  should  be  taken  to  remark  the  manner  in  which 
they  are  attached,  and  the  conditions  of  the  parts,  to  determine 
whether  it  was  possible  for  the  person  to  have  attached  them 
before  death. 

In  spite  of  the  great  flotation  power  of  decomposing  corpses, 
th«y  frequently  do  not  rise  to  the  surface  for  a  long  time.      In 
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sucb  instances,  they  are  either  caught  by  some  heavy  object,  or 

aly  covered  by  mud  or  sand.  In  the  latter  case,  it  is  said 
ies  have  sometimes  been  detached  from  their  moorings  by 
firing1  cannon  over  the  water.  The  shock  of  the  discharge  trans- 
mitted through  the  air  to  the  water,  jars  the  corpse,  and  so 
lnoscns  it  from  its  attachments. 

99-  Equilibrium  of  a  Liquid  in  Communicating  Vessels. — If  tubes 
and  vessels  of  different  forma  all  open  into  out-  another  below, 
u  iii  |Hg,  14,  A,  B,  C,  D,  and  water  be  poured  into  the  vase  A, 


■pfflMta  ..r .  UquM  In  ■■ ntlng  vmh.. 

it  will  stand  at  the  same  horizontal  level  in  all  Che  tubes. 
Hence,  in  the  supply  of  water  to  the  houses  of  cities,  all  other 
things  being  equal,  the  water  from  the  common  reservoir  will 
rise  to  the  same  level  in  all.  At  positions  very  distant  from  the 
ratrroif,  and  with  a  heavy  drain  at  numerous  points  upon  the 
nog  along  the  main  pipes,  this  will  not  be  true.  If 
the  amount  drawn  off  is  sufficient,  there  may  he  none  at  all  at 
the  distant  points.  The  moment,  however,  the  escape  of  the 
water  is  stopped,  the  law  reasserts  itself,  and  the  fluid  rises  to 
the  same  level  in  all  parts  of  the  system. 

100.  Natural  Springs — These  are  formed  when  the  level  of 
-I"'  water  in  certain  strata  rises  above  the  edge  of  the  retaining 
tain  in  which  it  ie  held.  As  in  the  preceding  system  of  tubes, 
the  lowest  one  would  determine  the  possible  height  of  the  fluid 
in  the  others,  and  the  fluid  would  escape  from  it.  So  the  lowest 
point  in  the  edge  of  a  natural  basin  permits  the  overflow  of  its 
linaid  contents,  and  a  spring  is  formed. 

The  same  result  is  attained  when  wells  are  sunk  into  a 
flratum  in  which  water  is  lodged  or  flowing.     The  water  rises 


in  the  cavity  of  the  well  to  the  same  height  it  has  in  the  stratum. 
"We  may,  therefore,  regard  welts  as  being  in  reality  springs, 
when  they  tap  an  underground  flowing  stream,  and  the  water 
is  aa  good  as  that  of  a  living  spring.  vVhen,  on  the  contrary. 
they  strike  a  stagnant  basin  of  water,  it,  as  a  rule,  is  not  as 
good  as  that  obtained  from  the  flowing  stream. 

If  the  strata  in  which  water  is  lodged,  or  through  which  it 
has  passed,  contain  mineral  substances,  as  salt  or  chloride  of 
sodium,  Epsom  salt  or  sulphate  of  magnesia,  and  other  sub- 
stances soluble  in  water,  these  are  dissolved  and  constitute 
natural  mineral  waters. 

If  the  mineral  water  contains  only  purgative  salts,  it  is  called 
wdiiic. 

If  it  contains  these  bodies,  and  is  also  freely  charged  with 
carbonic  gas,  it  is  called  effervescent  saline. 

If  it  contains  iron  compounds,  it  is  called  chalybeate. 

If  it  contains  sulphuretted  hydrogen,  it  is  called  hepatic. 

If  it  contains  iodides,  bromides,  or  arsenic,  it  is  called  alterative. 

101.  Wells  and  Sewage. — "Whenever  wells  are  constructed  in 
the  vicinity  of  cesspools,  if  the  level  of  the  water  in  the  well  be 
lower  than  that  in  the  cesspool,  it  will  sooner  or  later  be  con- 
taminated with  the  noxious  products  of  sewage,  on  the  princi- 
ples laid  down  in  the  preceding  articles.  In  the  vicinity  of 
cemeteries,  also,  the  same  thing  has  occurred,  and  persons  who 
have  used  the  water  in  either  of  these  cases  for  the  purpose  of 
drinking,  have  suffered  front  typhoid  fever  and  other  diseases, 
the  germs  of  which  have  been  in  this  manner  conveyed  into 
their  bodies. 

Where  wells  are  dug  in  gardens,  or  in  close  vicinity  to  stables 
or  barnyards,  the  greatest  care  should  be  taken  that  no  surface 
water  from  either  of  these  sources  reaches  them,  either  in 
heavy  storms  or  by  percolating  through  the  soil. 

All  water  that  falls  on  the  earth  must  be  more  or  less  con- 
taminated with  the  organic  matter  with  which  it  comes  in  con- 
tact on  its  surface.  As  it  passes  to  greater  depths,  and  is  spread 
throughout  seams  in  rocks,  and  layers  of  sand  and  gravel,  the 
oxygen  it  obtains  from  the  air  in  these  strata  oxidizes  or  destroys 
these  organic  impurities.  The  water  from  springs  and  wells 
that  are  deep  in  their  origin,  though  they  may  contain  mineral 
i&gredients,  are  free  from  such  dangerous  organic  substances  as 
are  found  tn  superficial  waters.  When  water  from  deep  springes 
is  not  available,  it  is  much  better  to  use  rain  water,  which  has 
accumulated  in  cisterns,  lined  with  hydraulic  cement,  than  to 
use  surface  waters. 

102.  Artesian  Weill  offer  another  illustration  of  the  tendency 
of  water  to  rise  to  its  own  level.     In  true  artesian  wells  the 


':..-  ■■■■  :i  r i  \-  point,  the  fluid  at  once  appears  at  the  surface  F,  rising 
tWijgh  the  upper  strata  E.  Sometimes  it  rises  far  above  it,  as 
is  the  ease  with  the  well  at  Grenelle,  near  Paris.  This  is  1800 
tt-t'i  deep,  and  the  pressure  is  so  great  that  the  water  is  forced 
i j  j.  ■  ■  tabe  to  an  altitude  of  more  than  100 
bet  above  the  surface  of  the  earth.  Fw-  ie. 

Tbeu    wells    receive    their    name    from 

Artois,  iu    France,  where    they   are  very 

numerous.     They  did  not  originate  there, 

tnri    ban   been   made    from    very    remote 
1  II       |t.     The  water  in 

-ik'h  wtlls  having  passed  over  a  great  ex- 
■  oHace  or  Band,  rock,  or  other  ma- 

tBriai,  is  remarkably  free  from  organic  con- 

raininutinn. 

103-  Equilibrium  In  Communicating  Vessels 

of   Two  Liquids  of  Different  Densities. — Let 

two  tubes  A  and  1J  be  in  communication 

ii  other  by  their  lower  parts.    Pour 

at  tli"  tubes  Bumcieut  mercury  to 

the  depth  of  a  coup]..*  of  inches,  it 

immediate!*  raem  to  the  *ame  horizontal 

ppoeite  tube  according  to  the  principle  in  (99).  Fill 
bea,  A.  with  water.  If  it  is  long  enough  to  carry 
1.0   iocbea  in   vertical   height,  the  pressure  of  this 
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upon  the  mercury  at  the  bottom  will  force  the  mercury  up  the 
opposite  tube,  B,  and  cause  it  to  rise  about  one  inch  above  its 
former  level.  We  have  already  seeu  (83)  that  the  specific 
gravity  of  mercury  is  more  than  thirteen  and  a  half  limes  that 
of  water,  it  therefore  follows  that:  In  conniiitmnithuj  vessels,  two 
liquids  of  different  densities  will  lie  in  equilibrium  when  their  heights 
nt'ore  the  horizontal  surface  of  contort  are  in  the  inverse  ratio  of  their 
densities. 

104.  Pressure  on  the  Bottom  of  a  Vessel  is  Independent  of  its 
Shape. — Let  a  conical  vessel  be  in  communication  by  its  bottom 
with  a  narrow  tube  bent  so  as  to  rise  vertically  alongside  of  the 
conical  vessel.  Fill  the  bend  of  the  tube  with  mercury.  Pour 
water  into  the  conical  vessel,  the  pressure  of  the  water  upon  the 
mercury  will  cause  it  to  rise  to  a  certain  height  in  the  narrow 
tube,  ttemove  the  conical  vessel  and  substitute  in  its  place  a 
tube  the  sides  of  which  are  parallel,  or  even  form  an  inverted 
cone  when  it  is  placed  in  position.  Filling  this  with  water  so 
as  to  have  a  column  of  the  same  height  as  in  the  first  case,  the 
mercury  rises  to  the  same  height  in  the  narrow  tube,  showing 
that  it  is  submitted  to  the  same  pressure. 

In  (91)  we  have  spoken  of  the  cause  of  pain  in  the  bladder 
when  the  muscular  coat  is  too  much  distended.  We  now  see 
how  the  rise  of  the  fluid  in  the  ureters  may  suffice  to  produce 
this  distention,  since  the  pressure  exerted  in  a  liquid  mass  does 
not  depend  upon  the  quantity,  but  upon  the  height  of  the 
column  of  fluid  producing  the  pressure. 

105.  Heterogeneous  Liquids  Arrange  Themselves  in  Order  of 
Density. — If  petroleum,  alcohol,  saturated  solution  of  caustic 
potash,  and  mercury  be  poured  into  a  bottle,  they  will  arrange 
themselves  in  the  order  given,  the  mercury  being  below.  The 
lighter  liquids,  each  according  to  Its  specific  gravity,  floats  on  the 
next  denser  one. 

An  application  of  this  principle  is  shown  iu  the  method  of 
determining  the  amount  of  (deo/ul  in  wines  by  the  carbonate  of 
potash.  In  a  graduated  tube,  a  measured  quantity  of  the  a  RM 
is  placed,  dry  carbonate  of  potash  is  added,  this  dissolves  in  the 
water  of  the  wine,  and  the  alcohol  being  separated  floats  on  the 
surface  of  the  carbonate  of  potash  solution.  It  only  remains  to 
read  ofl'  the  depth  of  the  layer  of  alcohol,  and  compare  it  with 
the  quantity  of  wine  employed.  We  have  a  very  fair  approxi- 
mation to  the  percentage  of  alcohol  in  the  wine  examined:. 

The  determination  of  the  amount  of  cream  in  milk  is  arrived 
at  iu  the  same  way.  A  tube,  known  as  the  cream  tube,  gradu- 
ated to  100  divisions,  is  filled  with  new  milk.  This  is  set 
aside  for  24  hours.     The  cream,  as  it  separates,  being  lighter 
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than  the  milk,  floats  on  its  surface.  Reading  off  the  number  of 
divisions  on  the  scale  occupied  by  the  layer  of  cream,  we  have 
the  percentage  of  that  substance  that  the  milk  contained. 

In  illustration  of  the  property  of  liquids  to  arrange  themselves 
according  to  density,  Dr.  Arnott  relates,  that   "some   negro 
servants,  in  the  West  Indies,  were  once  detected  stealing  rum, 
by  the  simple  though  ingenious  trick  of  inserting  the  long  neck 
of  a  bottle  full  of  water  through  the  top  aperture  of  the  rum- 
cask.    In  such  case  the  water  falls  out  of  the  bottle  into  the 
cask,  while  the  lighter  rum  ascends  in  its  stead."     It  only  re- 
mained to  remove  the  bottle  now  tilled  with  rum  in  place  of 
water. 

106.  The  Spirit  Level  depends  for  its  action  on  the  principle 
explained  in  the  preceding  article,  the  only  difference  being 
that  a  closed  tube,  A  B,  Fig.  17,  in  which  a  bubble  of  air  can 
be  entrapped  is  used.  The  air  is  thereby  made  to  represent  an 
exceedingly  light  liquid.  It  floats  on  the  alcohol  with  which  the 
rest  of  the  tube  is  filled.  Though  the  tube  A  B  appears  to  be 
straight,  it  is  very  slightly  curved.  When  its  ends  are  placed 
in  the  same  horizontal  plane  the  central  portion  is  the  highest, 
to  this  part  the  bubble  of  air  will  rise. 


Spirit  level. 

Spirit  levels  are  attached  to  the  base  of  the  supporting 
column  of  a  balance  to  secure  for  it  the  horizontal  position. 
They  should  always  be  filled  with  alcohol  to  avoid  the  effects  of 
freezing,  and  the  tube  should  have  two  marks  on  its  upper  sur- 
face, between  which  the  bubble  of  air  should  rest  when  hori- 
zontally is  attained. 


Bnutng*a  hydrometer— Urinomeler— Luctometers,  vinoipui'r-,  mBdMO*— DM*t> 
—Alcoholometer  of  Guy  Lussse — Alcohol  in  wide  and  beer — I'osl-raor- 
tem  detection  of  alcohol. 

Hydrometers  are  instruments  for  the  determination  of  the 
specific  gravity  of  liquids.  They  depend  for  their  action  upou 
the  principles  discussed  in  the  preceding  articles.  In  the  form 
of  Nicholson's  hydrometer,  as  we  have  seen  (55),  they  may  also 
be  applied  to  the  determination  of  the  specific  gravity  of  solids. 

107.  Baume's  Hydrometer  was  the  first  of  a  series  of  instru- 
ments of  itB  type.  The  principle  of  flotation  involved  (9a) 
is  that  in  Nicholson's  hydrometer.  It  consists 
of  an  elongated  glass  bulb  or  float,  A,  which 
terminates  below  in  a  small  bulh,  B,  containing 
mercury  or  Bhot  as  a  ballast  to  keep  the  instru- 
ment erect  when  placed  in  fluid,  and  sink  it  to 
a  proper  depth.  From  the  upper  part  of  the  float 
a  light  tube,  C,  projects,  in  which  a  scale  is 
placed. 

This  instrument,  in  its  first  form,  is  used  by 
manufacturers  for  the  examination  of  liquids 
heavier  than  water,  as  syrups,  acids,  and  saline 
solutions.  The  graduation  is  conventional;  it  is 
made  as  follows:  The  apparatus  being  so  con- 
structed and  ballasted  that  it  sinks  in  pure  water 
nearly  to  the  top  of  the  stem,  this  point  is  marked 
as  the  zero  of  the  scale.  It  is  then  placed  in  a 
hvi"">""r.  solution  of  fifteen  parts  of  rock  salt  to  eighty- 

five  of  pure  water.  The  line  the  solution  makes 
OB  the  stem  il  then  marked,  and  tli e  value  fifteen  given  to  it 
The  distance  between  Oand  15  is  then  divided  into  fifteen  equal 
parts,  and  the  scale  so  obtained  is  extended. 

For  liquids  of  less  density  than  water,  the  plan  is  as  follows: 
A  solution  of  salt,  ten  parts,  and  water,  ninety,  being  made,  the 
instrument  is  placed  therein  and  the  level  marked.  To  this  tin- 
value  0°  is  given;  it  falls  near  the  bottom  of  the  stem.  The  in- 
strument is  then  placed  in  distilled  water,  and  the  level  on  t 


level  on  the 
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Fig.  19. 


scale  again  marked,  the  value  10°  being  attached.  This  dis- 
tance is  then  divided  into  ten  parts,  and  the  scale  continued  to 
sLe  top  of  the  stem. 

TheBe  instruments  do  not  determine  the  specific  gravity,  yet 
tliev  are  very  extensively  used.  The  readings  are  always  given 
MM  many  degrees  Batime. 

108.  The  Urinometer  is  a  reproduction  of  the  first  form  of  the 
preceding,  the  difference  being  that  in  place  of  an  arbitrary 
scale,  it  has  readings  which  represent  the  specific  gravity  of  the 
fluid  under  examination.  The  graduation  is  made  as  follows: 
Tie  instrument  is  placed  in.  pare  water,  it  sinks  nearly  to  the 

a.  This  is  marked,  and  the  value  0°  or  1000  given  to  it. 
utions  of  salt  and  water  of  different  specific  gravities — e.  if., 
1010.  1020  to  1000,  arc-  then  prepared  by  means  of  the  specific 
jnvity  bottle  (82),  and  the  instrument  placed  successively  in 
ibatt.  The  lines  corresponding  to  the  levels  of  the  different 
dilutions  being  marked,  the  intervening  spaces  are  each  divided 
itfoteil  parte,  and  the  scale  so  completed.  To  the  figures  10, 
"i,  attached  to  the  scale,  1000  is  to  be 
(fad,  wheal  the  gravity  compared  with 
iter  as  1000  is  obtained.  They  are  for 
■  graduated  at  15"  C,  and  should 
read  at  that  temperature.  Various  forms 
toe  instrument  are  represented  at  A,  B, 
Fig.  19. 

TLe  following  rides  for  the  examination  and 
ofttd»  BtstrumerU  are  recommended  to  the 
rant 

1st.  Do  not  purchase  an  instrument  with- 

t  examining  it  with  water  to  see  if  the  0° 

the  scale  is  correct.     If  this  is  in  error, 

Ib  evident  that  as  so  little  pains  has  been 

taken  to  have  the  initial  point  exact,  no  rc- 

to  be   placed  on   the   rest  of  the 

graduation.     It  is  true  that  the  zero  may  he 

right,  and  yet  the  rest  of  the  scale  incorrect. 

Vnv  i.-rnn-  nft hut  description  can  only  he  de- 

by  comparison  with  u  standard  in- 

rtramant,  the  accuracy  of  which  has  been         ranm«ti ,„.(,.„. 

■  ':  I iy  the  speeitii-  gravity  bottle. 

id.  In  ponring  the  liquid  into  the  cylinder  hold  it  obliquely, 

of  about  45°.    The  fluid  will  then  flow  gently  down 

tha  -i'b-  of  the  cylinder,  without  forming  a  foam.    The  presence 

of  foam  or  of  bubbles  seriously  interferes  with  the  reading  of 

the  scale.    It  may  be  removed  by  a  drop  of  ether,  but  it  is  better 

avoid  its  formation. 
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th«3  specific  gravity,  but  are  intended  to  show  whether  or  no 
water  has  been  added  to  the  fluid  for  which  they  are  adjusted. 
They  have  little  or  no  scientific  value,  especially  in  the  case  of 
the  so-called  lactometer,  which  is  intended  to  detect  the  addi- 
tion of  water  to  milk.     An  example  will  perhaps  best  illustrate 
the   point  in  question.     Suppose  a  rich  specimen  of  milk  be 
given,  it  records  its  richness  on  the  lactometer  scale.  The  cream 
now  rises,  and  being  removed  or  skimmed  off,  the  gravity  of  the 
milk  will  be  increased.     By  the  addition  of  water  the  original 
gravity  may  be  restored,  but  the  lactometer  fails  to  detect  as  an 
adulteration  the  water  which  has  been  added. 

Another  very  simple  sophistication  is  to  add  to  the  milk, 
water  in  which  some  Kind  of  innocuous  salt  has  been  dissolved, 
until  it  has  the  same  gravity  as  that  of  unadulterated  milk. 
Again,  the  lactometer  is  deceived.  There  is  only  one  reliable 
way  to  ascertain  the  addition  of  water  to  such  complex  organic 
fluids  as  milk  and  wine,  and  that  is  by  a  quantitative  analysis, 
in  which  the  actual  proportions  of  the  water  and  of  other  leading 
ingredients  are  determined  by  weight. 

110.  The  Densimeter  is  a  form  of  hydrometer  intended  for  the 
determination  of  the  specific  gravity  of  small  quantities  of 
liquid. 

Rousseau's  densimeter,  Fig.  20,  consists  of  an  ordinary  hydro- 
meter, B,  to  the  upper  part  of  the  stem  of  which,  C,  a  little 
cylindrical  vessel,  A,  ie  attached.  This  should 
have  a  capacity  of  one  cubic  centimetre.  When 
thi«  vessel  is  empty,  and  the  instrument  is 
placed  in  distilled  water,  the  level  of  the  water 
crosses  the  0°  of  the  scale,  which  is  at  the 
bottom  of  the  stem  B.  One  cubic  centimetre 
of  water  is  now  introduced  by  a  pipette  into 
the  cap  at  the  top  of  the  stem,  when  the  in- 
strument sinks  in  the  water,  and  the  level  on 
the  stem  is  marked  and  the  value  20°  attached. 
The  apace  between  0°  and  20°  is  then  divided 
into  twenty  parts,  and  the  graduation  continued 
to  the  top  of  the  scale.  The  stem  being  of  uni- 
form bore,  each  division  represents  one-twen- 
tieth of  a  gramme  or  0.05. 

To  obtain  the  specific  gravity  of  a  liquid, 
place  the  apparatus  in  distilled  water.     From 
a  cubic  centimetre  pipette  drop  1  cubic  centimetre  of  the  liquid 
into  the  cup.     Suppose  the  water  cuts  the  scale  at  twenty  and 
one-half  divisions.     Then    20.5     -     .05  =   1.025,  the   specific 
gravity  of  the  liquid,  water  being  1. 


Pio.  20. 
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111.  The  Alcoholometer  of  Guy  Lussac  is  a  hydrometer  graduated 
to  show  the  percentage  of  alcohol  in  spirits,  or  in  mixtures  of 
alcohol   and  water.      It   is   similar   in    form   to 
Fig.  21.  Baume's  hydrometer,   but   differs   therefrom    in 

that  the  water-line  or  0°  is  at  the  bottom  instead 
of  the  top  of  the  stem.  The  instrument  is  gradu- 
ated by  placing  it  in  successive  mixtures  of 
alcohol  and  water  of  strengths  differing  in  pro- 
portion by  10  per  cent,  of  alcohol,  and  finally  in 
absolute  alcohol.  The  last  is  then  marked  100  per 
cent.  The  linen  obtained  from  the  other  mixtures 
90,  80  to  0°,  receive  their  respective  values.  The 
spaces  between  each  of  these  is  divided  into  10 
divisions,  each  of  those  subdivisions  marks  one  per 
cent,  of  alcohol  in  the  mixture.  To  the  stem  of 
the  instrument  another  graduation  representing 
specific  gravities  is  very  commonly  attached. 

V  112.  Determination  of  Alcohol  in  Wine  and  Beer. 

Alcohol™.^.  — The  determination  of  the  percenlage  of  alcohol 
in  wines,  ales,  and  similar  liquids,  in  which  other 
substances  are  present,  is  as  follows.  A  known  quantity  of  the 
tiuid  must  be  carefully  distilled,  until  the  whole  of  the  alcohol 
has  passed  over.  To  the  distillate  sufficient  distilled  water  is 
added  to  make  its  volume  equal  to  the  original  volume  of  the 
wine  or  other  fluid  under  examination.  The  percentage  of 
alcohol  is  then  determined  by  the  alcoholometer,  when  the 
result  represents  the  percentage  in  the  original  liquid. 

113.  Post-mortem  Determination  of  Alcohol. — In  cases  of  the 
death  of  children  or  of  adults  by  alcohol  poisoning,  the  method 
to  be  followed  is  similar  to  that  detailed  above.  The  contents  of 
the  organs,  the  finely  chopped  brain,  or  other  tissue,  with  or 
without  mixture  with  water,  are  to  be  distilled  over  the  water- 
bath.  If  alcohol  is  present,  the  percentage  and  quantity  in  the 
distillate  may  be  determined  by  the  alcoholometer. 
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definition — Theorem  of  Torricelli — Course  of  stream  from  lateral  opening — Height 
of  stream  from  vortical  opening — Form  and  quantity  of  efflux — Influence  of 
tubes  on  efflux — Action  of  elastic  ajutages — Movement  of  liquids  in  tubes — 
Form  of  falling  stream — Movement  in  inclined  tubes — Hydraulic  tourniquet 
— Velocity  in  open  channels — Transporting  power  of  flowing  water — Shoals 
and  sewage — Sewage  and  malaria — Formation  of  waves — Sea  waves — Meas- 
urement of  waves — Resistance  of  fluids  to  moving  objects — Mechanics  of 
circulation  of  the  blood. 


114.  Hydrodynamics  Defined. — Hydrodynamics  is  that  branch  of 
pfijjsics  which  treats  of  the  laws  governing  the  motion  of  fluids.  It 
ejn-rdmines  into  the  manner  and  rate  of  escape  of  fluids  from  outlets. 
Ti  determines  the  conditions  and  rate  of  movements  in  tubes  and  in  opm 
channels. 

115.  Theorem  of  Torricelli. — The  velocity  of  a  Fiq.  22. 
molecule  of  a  liquid  escaping  by  an  aperture  in 
the  walls  of  a  vessel  is  the  same  as  it  would  have 
if  i  t  fell  freely  from  a  state  of  rest  at  the  surface 
of  the  liquid  to  the  centre  of  the  orifice. 

The  rate  of  efflux  depends,  therefore,  on  the 
depth  of  the  opening,  A  B,  beneath  the  sur- 
face of   the  liquid,  M  N.      It  is  immaterial 
^'hether  the  orifice  be  in  the  bottom  or  in  the       Ton-heiir*  tii.or.iu. 
*ide  of   the    vessel.      Difference    in    specific 
gravity  does  not  influence  the  rate.    Water  has  the  same  velocity 
as  mercury,  provided  the  diameter  of  orifice  and  depth  of  fluid 
are  the  same. 

116.  Course  of  Stream  from  Lateral  Opening. — The  axis  of  the 
opening  being  horizontal,  the  course  of  the  stream  is,  at  the  first 
moment,  also  horizontal,  but  the  attraction  of  gravity  acting 
upon  it  immediately,  the  particles  of  fluid  fall  from  the  hori- 
zontal, and  assume  a  curved  line. 

The  curves  thus  formed  are  parabolic,  and,  according  as  the 
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pressure  at  the  orifice  is  greater,  so  do  the  parabolas  formed  by 
the  issuing  streams  vary. 

117.  Height  of  Stream  from  Vertical  Opening. — From  the  prin- 
ciples laid  down  in  vertical   upward  pressure  (93),  a   stream 

issuing  from  an  orifice  opening  verti- 
cally upwards,  as  at  A  in  Fig.  23, 
should  rise  to  the  level,  M  N",  of  the 
fluid  in  the  reservoir.  This  it  does 
not  do :  1st.  It  is  beaten  down  by  the 
falling  drops.  2d.  It  is  drawn  down 
by  gravitv.  3d.  It  is  resisted  by  the 
air.  If  tne  stream  is  slightly  inclined 
to  the  vertical,  as  at  B,  a  better 
result  is  obtained,  but  at  the  best  it 
only  reaches  about  ^  of  the  theoretical  height,  friction  of  the 
air  and  gravity  reducing  it  to  this  extent.  Allowing  for  these 
reductions,  the  result  sustains  the  theorem  of  Torricelli. 

118.  Form  and  Quantity  of  Efflux. — According  to  theorv,  the 
amount  of  water  discharged  from  a  circular  opening  in  the 
thin  walls  of  a  vessel  should  be  expressed  by  the  formula 
Ay/ 2^,  in  which  A  is  the  area  of  the  opening,  g  the  accelerating 

force  of  gravity,  and  h  the  height  of  the  liquid. 
Actual  experiment  gives  a  very  different  result. 
Of  this,  Ganot  offers  the  following  discussion : 
Let  A  B  represent  an  opening  in  the  wall  of  a 
vessel.  Every  particle  above  will  attempt  to  pass 
out,  and  so  exert  pressure  on  those  around  it. 
Those  issuing  near  A  B  press  in  the  lines  M  M  and 
N  X;  those  at  the  centre  in  the  line  R  Q,  and  the 
intermediate  ones  in  the  lines  PQ  PQ;  consequently 
the  water  in  the  space  PQ  P  cannot  escape.  That 
which  does  pass  out  takes  the  form  of  a  truncated  cone,  or  mw 

contractu,  and  not  of  a  cvlinder,  until  it  has  reached  a  distance 

*  

from  the  orifice  equal  to  the  diameter  of  the  same.  The  area  of 
a  transverse  section  of  the  stream  at  this  point  is  0.62,  or 
about  I  that  of  the  orifice.  The  actual  quantity  passing  out  is, 
therefore,  but  five-eighths  of  what  might  have  been  expected 
from  the  diameter  of  the  opening. 

119.  Influence  of  Tubes  on  the  Efflux. — If  a  cylindrical  tube, 
having  a  length  two  or  three  times  its  diameter,  be  made  the 
channel  of  exit  of  the  fluid,  the  etllux  increases  to  0.82  of 
the    theoretical  quantity.     A  tube  ot%  proper  proportions,  and 

n  the  form  of  a  truncated  cone  with  its  base  at  the  opening,  may 
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be  made  to  raise  the  efflux  to  0.92.  If  the  smaller  end  of  the 
co»ie  be  adapted  to  the  aperture,  the  increase  is  still  greater, 
an  cl  very  little  below  the  theoretical  quantity.  To  these  tubes 
t\iG  name  ajutage  is  given.  When  a 
cylindrical  ajutage  of  the  proportions 
stilted  above  is  used,  the  water  on  enter- 
ing- it  forms  a  vena  contracta.  A,  in  the 

same  manner  as  in  the  air;  it  then  ex- 
pands.    A  partial  vacuum  is  thus  formed 

in    the  position  indicated  in  Fig.  25.     If 

a    vertical   tube,   B,   is   attached   to   the 

ajutage  at  this  point,  and  its  lower  ex- 
tremity dips  into  a  fluid,  the  latter  will 

rise  in  the  tube,  thus  demonstrating  the 

existence  of  the  vacuum. 

Upon  the  above  principles,   or  slight 

modifications    thereof,    various    modern 

appliances,  as  Buneen's  filter-pump,  Gif- 

fard's    injector,    and    certain    forms    of 

atomizing  apparatus,  commonly  used  in  medicine,  depend  for 

their  operation  (177). 

120.  Action  of  Elastic  Ajutages. — If  an  elastic  tube  of  rubber 

be  adapted  to  an  outlet  in  a  vessel,  the  rate  of  efflux  is  the  same 

as  by  a  rigid  tube  having  a  diameter  equal  to  that  which  the 

elastic  tube  assumes.     If,  on  the  contrary,  the  flow  is  by  any 

device  made  intermittent  the  results  are  entirely  different.    The 

elastic  tube  now  shows  a  notable  increase  in  efflux  over  the 

rigid  one.      The  manner  of  discharge  is  also  very  different. 

N\  hile  the  jet  from  the  rigid  tube  reproduces  every  impulse  of 

the  original  intermittent  action,  that  from  the  elastic  one  shows 

great  diminution  therein,  and  if  the  ajutage  tube  be  of  sufficient 

length  the  pulsation  completely  disappears. 

These  observations  are  of  importance  in  the  explanation  of 
tbe  manner  of  flow  of  the  blood  in  the  arteries,  the  coats  of 
which  are  highly  elastic. 

121.  Movement  of  Liquids  in  Tubes. — Though  the  mobility  of 
tbe  molecules  of  liquids  is  great,  it  is  not  absolute.  Hence  arises 
a  certain  degree  of  friction  among  the  molecules  themselves, 
and  also  between  the  fluid  molecules  and  the  walls  of  the  tube. 
In  the  latter  case  it  is  much  greater  than  in  the  former,  as  may 
be  seen  in  the  more  rapid  flow  of  the  water  down  the  central 
and  deep  portions  of  a  river,  compared  with  its  rate  near  the 
banks  or  over  shoals. 

Hydraulic  friction,  which  is  the  term  applied  to  the  resistance 
which  we  have  been  examining,  is  independent  of  the  material 


of  which  the  tube  is  made.  It  is  increased  by  roughening  its 
walls.  It  depends  chiefly  on  the  character  of  the  fluid,  wbetbn 
e  viscous  or  limpid.  Iu  this  respect  ice-cold  water  shows  a 
slight  degree  of  viscosity  compared  with  that  which  is  luke- 

Prony  gives  the  following  as  the  formula  for  the  mean  velocity, 
in  metres,  of  water  in  a  cast-iron  pipe: 


/  being  the   length,  d  the  diameter,;)  the  pressure,, 
velocity, 

122.  Form  of  a  Falling  Stream. — From  the  lower  end  of  the 
waa  contracts  a  falling  stream  of  water  takes  the  form  of  a  con- 
tinuous cylinder  for  a  short  distance.  The 
accelerating  action  of  gravity  soon  causes  it 
to  break  into  drops.  The  stream  now  assumes 
the  appearance  shown  at  A.  of  alternate  nodal 
and  ventral  segments.  In  the  nodal  segments, 
the  drops  are  extended  longitudinally;  iu  the 
-ventral,  transversely  to  the  course  of  the 
stream. 

As  these  segments  have  a  fixed  position,  it 
follows  that  each  drop  in  its  desceut  passes 
through  the  phases  shown  at  B. 

Under  illumination  by  the  condensed  elec- 
tric spark  of  an  induction  coil,  the  drops 
appear  to  be  stationary,  and  their  forms  can 
be  studied  to  advantage. 


of 


123,  Movement  in  Inclined  Tabes. — If  in  place 

of  falling  freely  in  the  air,  as  is  thfl  GAM  in 

the  preceding  article,  the  stream  is  falling  in 

a  vertical  tube,  the  action  of  gravity  will  tend 

I  ■  to  produce  the  same  effect.     The  lower  parts 

Tten* or  ruling  wM<*       having  a  greater  velocity  than  those  above. 

and   the    stream    assuming    the    nodal    and 

ventral   form,  will,  in   its  latter  state,  act  as  a  piston  in  the 

interior  of  the  tube.     Thus  a  vacuum  will  tend  to  form  above 

each  ventral  part.     To  meet  this  the  pressure  of  the  air  will 

be  called  into  play  on  the  surface  of  the  reservoir  from  wlm-h 

the  pipe  issues,  and  a  great  acceleration  of  the  efflux  will  ensue. 

Tli>'  energy  of  the  action  thus  evoked  is  shown  in  the  suction 

or  noisy  draught   with   which  the  last  portions  of  water   are 
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r»  wn  out  from  a  wash-basin  or  bath-tub,  the  exit  pipe  of  which 
3   long  and  perfectly  free. 

The  presentation  we  have  given  above  of  the  case  in  a  vertical 
ube,  applies  less  and  less  as  the  tube  leaves  this  position  and 
nclines  towards  the  horizontal. 

The  principles  which  we  have  been  discussing  are  of  irapor- 
ance  in  the  construction  of  the  waste-pipes  or  drains  of  houses. 
Their  application  will  be  found  later  on.     See  (149). 

124.  Hydraulic  Tourniquet. — Fig.  27  represents  the  instrument 
in  question.  It  consists  of  a  pear-shaped  vase,  V,  filled  with 
water,  and  bo  mounted  as  to  revolve  freely  on  its  vertical  axis. 


From  the  smaller  und  lower  end  of  the  vessel,  two  tubes  pro- 
ject horizontally,  which  are  continuations  of  a  diameter.  The 
*>ater  extremity  of  each  of  these  is  bent  horizontally,  at  a  right 
■ogle  to  the  shaft,  us  is  shown  at  A  in  the  figure. 

The  opening  of  the  extremity  of  each  tube  being  closed,  the 
liquid  in  the  vase  exerts  ati  equal  pressure  on  all  parts  of  the 
wall  of  the  tube,  and  the  instrument  is  at  rest.  When  the  end 
of  a  tube  is  opened,  the  pressure  on  that  side  is  relieved.  The 
tube  is  then  forced  backward  by  the  pressure  on  its  opposite 
sides  in  the  direction  of  the  dotted  line,  and  a  rotatory  motion 
is  produced. 
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Under  the  pressure  of  a  head  of  water  the  vase  may  be  dis- 
missed, and  the  apparatus  attached  directly  to  the  tube  stipplv- 
ing   the   water.     In   this   manner  a  very   convenient   form   of 

[rower  is  obtained,  the  discussion  of  which  belongs  properly  to 
lydraulics  as  applied  in  the  turbine. 

125.  Velocity  in  Open  Channels.— We  have  already  had  occa- 
sion to  refer  to  the  effects  of  hydraulic  friction,  as  shown  in  the 
greater  rapidity  of  movement  in  the  deep  parts  of  a  stream  u 
compared  with  that  in  it*  shallows.  Were  it  not  for  the  resist- 
;mi  <_■  afforded  by  friction,  a  river  which  originates  in  u  aaarce 
1000  feet  above  the  level  of  its  mouth  would  have  the  velocity 
of  water  issuing  from  the  bottom  of  a  lake  1000  feet  deep,  or  a 
rate  of  nearly  170  miles  an  hour. 

Uy  the  double  action  of  the  friction  of  the  molecules  of  water 
on  each  other  and  on  the  banks  of  the  stream,  the  rate  is  ordi- 
narily from  three  to  five  miles  per  hour,  and  the  inclination  of 
tiie  channels  from  three  to  five  inches  in  the  mile. 

128.  Transporting  Power  of  Flowing  Water. — The  transporting 
power  of  running  water  involves  two  conditions  :  1st.  The  force , 
»  actual  pressure  of  the  IMKM  mat*;  2d.  Its  buoyant  pmotr. 
Owing  to  the  combination  of  these  two  cauaes,  it  is  estimated 
that  if  the  rate  of  flow  of  water  be  doubled,  its  power  of  trans- 
portation is  increased  sixty-four  times. 

Evidence  of  the  fearful  power  of  water  in  rapid  motion,  is 
shown  by  the  manner  in  which  mountain  streams  wrench 
masses  of  rocks  from  their  foundations  and  hurl  them  down 
their  course,  until,  by  striking  against  each  other,  they  are  so 
pulverized  that  only  an  impalpable  powder  remains,  which, 
when  it  settles,  is  called  silt. 

It  is  estimated  that  the  Mississippi  River  carries  to  the  Gult 
of  Mexico,  annually,  an  amount  of  solid  matter  equal  to  a  mat 
one  square  mile  in  area  and  about  270  feet  deep.  It  is  easy  to 
see  that  under  these  circumstances  the  deposition  of  the  matter 
transported  by  rivers  becomes  a  question  of  importance,  as  re- 
gards the  disposal  of  the  sewage  of  the  cities  on  their  hanks  and 
at  their  mouths. 

127.  Shoals  and  Sewage. — When  the  sewer  system  of  New 
Fork  was  first  constructed,  and  for  some  years  thereafter.  thr 
effete  materials  were  immediately  swept  into  deep  water,  and 
carried  by  strong  currents  to  a  distance  from  the  city.  Since 
that  time,  by  the  extension  of  piers,  deposit  of  cinders,  washing* 
of  filth  from  the  city  streets,  and  largely  by  the  silt  brought 
down  by  the  Hudson  in  spring  freshets,  shoals  or  bars  have 
I  formed.     These  have  seriously  modified  the  direction  and 
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fo  jrce  of  the  currents  in  the  waters  of  the  river  front.  As  a  con- 
socjuence,  the  sewer  filth  no  longer  passes  into  the  current  of 
de^p  water,  but  is  deposited  in  the  slips  between  the  docks. 
T  tie  seething  mass  of  putrefaction  that  forms  the  water-bed  in 
staoh  localities,  is  at  all  times  throwing  off  various  effluvia, 
aimong  which  is  sulphuretted  hydrogen,  which  may  be  detected 
tl*  roughout  the  year  by  its  odor.  In  the  summer  time,  when 
th^  action  is  more  energetic,  it  may  be  seen  rising  in  millions 
of*  bubbles  to  the  surface,  and  the  odor  then  becomes  almost 
intolerable  in  certain  localities. 

X28.  Sewage  and  Malaria. — Of  all  the  ordinary  gases  none  is 
more  dangerous  or  insidious  in  its  action  than  sulphuretted 
hydrogen.  It  is  one  of  the  so-called  cumulative  poisons.  It 
acrts  upon  the  blood  discs,  impairing,  and  even  destroying  their 
function  as  carriers  of  oxygen.  It  thus  reduces  the  power  of 
the  system  to  resist  disease,  and  lays  it  open  to  attacks  which 
would  otherwise  have  no  effect.  It  even  seems  to  be  in  some 
way  related  to  the  development  or  presence  of  malarial  poison, 
for,  in  localities  where  deadly  forms  of  malarial  diseases  prevail, 
sulphuretted  hydrogen  is  almost  always  to  be  found  in  the  air. 

The  proper  methods  for  the  correction  of  these  troubles  in 
great  seaports  may  be  arranged  under  three  heads,  viz.:  1st. 
The  removal  of  all  garbage,  horse-droppings,  and  other  filth 
from  the  streets,  and  its  sale  as  a  fertilizer.  Thus  the  largest 
part  of  the  noxious  organic  matter  would  be  prevented  from 
gaining  access  to  the  sewers,  slips,  and  harbor  basin. 

2d.  The  extension  of  the  sewers  to  the  pier-heads,  where  they 
may  discharge  into  deep  water.  The  sewer  itself  should  end  in 
an  arm  turned  down  at  right  angles,  like  the  termination  of  the 
ordinary  stopcocks  used  in  houses.  To  this  point  the  level  of 
the  sewer  should  not  be  below  high  water.  The  final  opening 
of  the  termination  should  be  below  lowest  water  mark. 

3d.  All  accumulations,  banks,  or  bars,  which  interfere  with 
the  original  water-course  and  free  passage  of  sewage  into  the 
main  current,  should  be  removed.  This  is  a  subject  of  hygienic 
importance  which  should  not  be  overlooked.  It  is  scarcely  a 
matter  of  wonderment  that  under  the  present  management  of 
aueh  affairs  in  the  citv  of  New  York,  it  has  become  a  malarial 
city.  It  cannot  fail  to  be  so  until  better  disposition  is  made  of 
the  sewage  and  filth  that  are  now  permitted  to  accumulate  on 
'  ita  river  fronts. 

It  needs  no  apology,  in  view  of  such  grave  matters  as  these, 
to  urge  upon  physicians  a  better  knowledge  of  physics,  even  to 
the  proper  understanding  of  the  manner  of  flow  and  formation 
of  currents  in  the  harbors  of  the  cities  they  inhabit.  No  one 
in  a  community  has  the  same  interest  in  the  subject  as  its  phy- 
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sician.  No  one  has  better  opportunities  of  seeing  the  conse- 
quences of  neglect  of  proper  precautions.  If  it  is  not  his  busi- 
ness to  attend  to  such  matters  and  show  how  they  are  to  be  met 
and  remedied,  to  whom,  in  the  name  of  common  sense,  does  it 
belong?  His  duty  to  the  community  demands  at  least,  that  he 
shall  initiate  the  discussion  of  these  questions.  To  do  this  he 
must  have  a  sufficient  knowledge  of  the  subject  to  agitate  it 
intelligently. 

129.  Formation  of  Waves. — When  a  pebble  is  dropped  into  a 
pond  of  smooth  water,  it  displaces  a  portion  of  the  fluid  lat- 
erally, and  a  circular  elevation  or  wall  of  liquid  is  raised  around 
the  spot  of  impact.  This  elevation,  following  the  laws  of 
fluidity,  gradually  widens.  The  depressed  portion  where  the 
pebble  struck,  pressed  upon  by  the  surrounding  elevation,  which 
causes  upward  pressure  from  below,  returns  to  and  rises  above 
its  original  level.  It  thus,  in  its  turn,  becomes  a  source  of  dis- 
turbance, and  acting  like  the  impact  of  the  pebble,  produces  a 
second  circle  of  depression  and  elevation.  Tnis  oscillation  con- 
tinuing, alternate  circles  of  elevations  and  depressions,  or  waves, 
are  produced,  each  becoming  wider  and  wider,  until  at  last  they 
reach  the  margin  of  the  pond,  where  they  may  be  either  broken 
or  reflected. 

To  the  eye  it  appears  as  though,  in  the  expanding  circles  of 
waves,  the  water  was  itself  following  the  course  of  the  wave, 
but  it  is  not  so.  If  a  chip  of  wood,  or  any  other  light  bodv, 
floating  on  the  water  is  observed,  it  will  be  seen  that  it  has  little 
or  no  outward  motion.  As  the  wave  approaches,  it  gently  rises; 
as  the  wave  passes,  it  falls. 

Since  the  chip  merel  v  copies  the  movements  of  the  molecules 
of  the  water  on  which  it  is  resting,  we  thus  learn  that  the  latter 
have  little  or  no  movement  in  the  horizontal  plane,  or  in  the 
longitudinal  direction  of  the  wave  motion.  They  move,  on  the 
contrary,  in  a  vertical  plane,  or  transversely  to  the  course  of  the 
water  wave.  As  in  the  case  of  the  undulations  we  may  pass 
along  a  rope,  which  is  fastened  at  one  end,  while  it  is  moved  up 
and  down  at  the  other;  it  is  the  form  that  advances  in  the  track 
of  the  wave,  not  the  substance.  That  is  moving  at  right  angles 
to  the  wave  motion. 

Bv  virtue  of  the  friction  between  the  molecules  of  water,  the 
new  waves  reach  a  less  and  less  altitude  than  their  predecessors, 
until  finallv  the  disturbance  ceases,  and  the  surface  of  the  water 
heroines  us  unruffled,  and  mirror-like,  as  when  the  stone  first 
struck  it. 

130.  Sea  Wavei. — As  flowing  water  develops  friction  against 
the  hunks  of  the  channels  in  which  it  is  passing,  so  currents  in 
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the  air  produce  friction  upon  the  surface  of  the  water  over  which 
they  move.  The  little  gusts  of  wind  that  strike  upon  smooth 
water  cause  the  instant  appearance  of  ripples  on  its  surface.  It 
the  velocity  of  the  wind  is  great,  and  its  application  persistent, 
the  ripples  in  time  become  waves,  and  these  increase  in  volume 
and  breadth  until  finally  the  rolling  mountains  of  the  ocean  are 
formed. 

The  rate  of  motion  of  these  ocean  waves  is  dependent  upon 
their  volume.  In  waves  of  great  magnitude,  like  those  off  the 
Cape  of  Good  Hope,  the  velocity  may  be  as  great  as  thirty  or 
forty  miles  an  hour. 

The  mobile  surface  of  water  permits  the  propagation  of  waves 
over  immense  distances.  This,  combined  with  their  velocity, 
*~ill  often  carry  intelligence  of  storms  to  distant  shores,  by  the 
heavy  breakers  that  fall  upon  them  when  no  wind  is  blowing. 

131.  Measurement  of  Waves. — Waves  on  water  may  be  meas- 
ui-cd  in  two  ways:  1st,  wave  length;  and,  2d,  wave  height.  In 
tlae  diagram,  the  distance,  A  B,  from  the  centre  of  one  depres- 
sion to  the  centre  of  the  next,  is  the  wave  length.     The  same 
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measure  may  also  be  applied  from  the  centre  of  one  crest  to  the 
centre  of  the  next,  or  from  the  middle  of  one  wave  to  the  middle 
of  the  next. 

The  wave  height  is  measured  by  the  line  C  D,  drawn  from 
the  horizontal  line  connecting  two  depressions,  and  perpendicu- 
larly to  it,  to  the  top  of  a  crest.  Sometimes  the  total  elevation 
to  divided  into  wave  and  trough,  the  former  being  above  the 
ordinary  sea  level,  the  other  below  it,  as  shown  by  the  dotted 

Vine.    In  that  case,  the  wave  height  is  one-half  of  C  D,  and  the 

wave  depression  the  other  half. 
In  great  waves  at  sea,  the  elevation  of  the  water  above  the 

ordinary  level  is  rarely  more  than  fifteen  feet,  making  the  total 

height,  from  bottom  of  trough  to  top  of  crest,  thirty  feet. 

132.  Resistance  of  Fluids  to  Moving  Objects. — Water,  by  its 
partial  viscosity,  experiences  resistance  on  the  surfaces  over 
which  it  is  moving;  so,  on  attempting  to  move  a  body  through 
water,  resistance  is  in  like  manner  developed. 
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An  experimental  illustration  is  afforded  of  this  fact,  as  repre- 
sented in  the  figure.     Let  A  B  be  a  tube  2  feet  in  length,  and 

closed  by  corks  at  each  end;  a  Minie-bullet,  C, 
Fig.  29.  is  to  be  introduced.     On  quickly  inverting  the 

tube,  the  bullet  falls  immediately  from  one  end 
to  the  other,  in  a  small  fraction  of  a  second.  On 
filling  the  tube  with  water  instead  of  air,  and 
repeating  the  experiment,  it  will  be  found 
that  it  now  requires  many  seconds  for  the 
bullet  to  fall  from  end  to  end. 

Another  fact  is  at  the  same  time  perceived. 
When  the  bullet  is  descending  with  its  point 
downwards,  its  velocity  is  much  greater  than 
when  the  butt  or  blunt  extremity  is  foremost. 
The  resistance  offered  by  liquids  to  the  pas- 
sage of  a  moving  object  is,  therefore,  largely 
dependent  on  the  form  of  the  object,  those 
which  are  pointed  or  wedge-shaped  moving 
with  the  greater  velocity. 

132  A.  Mechanics  of  the  Circulation  of  the 
B««i«t&nce  of  fluid*  to  Blood. — Various  devices  for  the  measurement 
moring object*.  of  the  pressure  of  the  blood  in  the  arteries, 

and  the  character  of  its  movement  in  these 
vessels  have  been  devised ;  among  these  may  be  mentioned : 

1st.  The  hcemadynamvmeter  of  Poiseuille,  which  is  simply  a 
U-shaped  manometer,  one  end  of  which  is  attached  to  the  artery, 
while  the  liquid  in  the  bend  shows  the  pressure  exerted  by  the 
blood. 

2d.  The  hpnographion  of  Fick.  by  which  the  inertia  of  the 
mercury  in  the  preceding  apparatus  is  avoided.  It  is  a  complex 
apparatus  consisting  of  a  hollow  spring  filled  with  alcohol,  and 
terminating  at  one  end  in  a  system  of  levers  which  record  by  a 
point  on  a  revolving  cylinder;  the  other  end  is  brought  in  com- 
munication with  the  bloodvessel  to  be  examined. 

3d.  The  cardiograph  of  Marey,  consisting  of  a  tambour 
adapted  to  the  exterior  of  the  chest  over  the  region  of  the  heart ; 
its  indications  are  recorded  by  another  tambour. 

The  same  method  has  been  adapted  to  the  examination  of  the 
action  of  the  heart  itself,  by  introducing  into  that  organ  a  kind 
of  catheter  bearing  a  bag  or  tambour  at  its  extremity,  and  com- 
municating with  a  registering  tambour  externally. 

4th.  The  hceniadromometer  of  Volkmann,  for  the  measurement 
of  the  speed  of  the  flow  of  the  blood.  The  stromuhr  ot  Ludwig, 
is  an  iinprovement  upon  this,  and  admits  of  more  accurate  re- 
sults.    The  hcematachometcr  of  Vierordt,  and  the  dromograph  of 
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Lortet,  are  other  applications  of  the  same  principle  for  the  same 
purpose,  viz.,  measurement  of  current  velocity. 

5th.  The  sphyamograph  for  recording  arterial  tension  was 
originally  devised  by  Vierordt,  and  improved  bv  Marey. 

6th.  The  gas-sphygmoscope  by  which  the  impulses  of  the  artery 
are  communicated  to  a  small  chamber,  through  which  gas  is 
passed  and  then  ignited.  The  variations  in  the  form  of  the 
name  show  the  variations  in  the  condition  of  the  artery. 

7th.  The  sphygmophone,  a  modification  of  the  preceding,  in 
which  the  flame  is  burned  inside  of  a  tube  so  as  to  produce  a 
singing  flame.  To  this  the  pulsations  of  the  artery  impart  a 
kind  of  beat  readily  perceived  at  a  distance. 

For  a  more  thorough  explanation  of  these  forms  of  apparatus 
the  student  is  referred  to  modern  works  on  physiology. 


CHAPTER   X. 


HYDRAULICS. 

Definition — Earliest  devices  for  raising  water — Pulley  wells — Archimedes's  screw 
— The  Persian  wheel — The  siphon — The  flexible  siphon — The  intermittent 
siphon — Pumps  and  valves — Lift  pump — Iflorce  pump — Hydraulic  ram — 
Water  wheels — The  turbine — Centrifugal  pump — Materials  for  hydraulic  en- 
gineering— Sewage  in  houses — Utilization  of  sewage — Marsh  draining  and 
malaria. 

133.  Hydraulics  Defined. — Hydraulics  is  the  application  of  the  prin- 
ciples of  hydrostatics,  hydrodynamics,  and  also  of  pneumatics,  to  the 
construction  of  apparatus  for  the  collection,  storage,  and  distribution 
of  loater  or  other  fluids.  It  also  includes  the  utilization  of  water  as  a 
source  of  power. 

The  difficulty  of  separating  hydrodynamics  from  hydraulics 
has  been  seen  in  the  discussion  of  the  hydraulic  tourniquet,  and 
in  other  instances.  In  like  manner,  the  description  of  pumps 
certainly  belongs  to  hydraulics,  though  their  action  is  to  be  ex- 
plained on  the  pueumatic  principles  involved  in  the  pressure  of 
the  air.  In  all  cases  where  this  difficulty  of  arranging  subjects 
in  their  proper  positions  has  arisen,  we  have  followed  the  course 
which  seemed  to  present  the  most  practical  advantages  and  the 
greatest  simplicity. 

For  convenience  the  study  of  hydraulics  may  be  divided  as 
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follows:  1st,  Apparatus  without  valves  for  raising  water;  2d, 
Valvular  apparatus  for  raising  fluid ;  3d,  Development  of  power; 
4th,  The  conveyance  of  fluids. 


Apparatus  without  Valves  for  Raising  Water. 

134.  Earliest  Devices  for  Raising  Water. — Doubtless  the  first 
cup  of  our  ancestors  was  the  palm  of  the  hand  hollowed  by  the 
contraction  of  the  muscles.  Following  on  this,  and  in  the  order 
of  development  as  it  were,  we  can  easily  imagine  that  a  leaf  beut 
and  hollowed  like  the  palm  of  the  hand  came  into  use.  Then 
any  naturally  hollow  vegetable  product,  as  the  shell  of  the 
cocoanut,  and  coverings  of  various  fruits,  also  sundry  animal 
products,  as  the  emptied  eggs  of  large  kinds  of  birds,  and  shells 
of  mollusks.  Next  came  the  fashioning  of  vessels  of  clay, 
first  dried  in  the  rays  of  the  sun,  and  afterwards  baked  by  the 
heat  of  a  fire. 

For  the  raising  of  water  from  natural  springs  these  devices 
sufficed.  When  the  spring  was  surrounded  by  a  low  wall  to 
protect  it  from  being  soiled  by  cattle,  some  little  improvement 
was  needed.  Here  we  cau  see  the  origin  of  the  dipper,  made 
perhaps  as  we  now  so  often  find  it,  out  of  the  half  shell  of  a 
cocoanut,  to  which  a  forked  stick  is  attached  as  a  handle.  In 
copying  this  in  earthenware,  what  more  natural,  on  account  of 
the  fragility  of  the  material,  than  to  substitute  the  curved 
handle  we  now  find  attached  to  our  tea-pots  and  cups. 

From  the  earthenware  vessel  with  its  handle  on  the  side, 
which  could  not  be  conveniently  used  for  purposes  of  carrying 
quantities  of  water  to  a  distance,  the  passage  to  an  earthenware 
vessel,  with  a  straight  rod  run  through  two  holes  near  its  upper 
part,  was  easy  and  natural.  Now  the  mass  of  water  could  be 
retained  and  carried  in  the  vessel,  though  it  was  filled  nearly  to 
the  top.  The  next  improvement,  whereby  the  balancing  of  the 
filled  vessel  was  made  more  facile,  was  to  substitute  a  curved 
stick,  or  piece  of  vine,  for  the  straight  rod,  and  a  pail  which 
might  also  be  used  as  a  pot  for  boiling  over  the  fire  was  formed. 

In  dry  seasons,  as  the  water  in  springs  fell,  the  simple  and 
obvious  remedy  was  to  follow  it  down  by  removing  the  earth 
from  the  bottom  and  so  digging  it  out.  In  doing  this,  to  prevent 
the  soil  from  falling  in,  the  wall  which  surrounded  the  spring 
was  carried  down,  and  so  the  first  wells  came  into  exi&tence. 
The  earthenware  vessel  described  above,  or  one  of  wood  hol- 
lowed out,  perhaps  by  the  action  of  tire,  with  its  curved  handle, 
and  a  long  piece  of  some  vine,  gave  easy  access  to  the  water. 
So  the  original  of  the  "Old  Oaken  Bucket'"  came  into 
existence. 
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For  the  purposes  of  irrigation,  where  water  was  raised  from 
rivers  or  wells  for  many  hours  in  succession,  it  was  necessary  to 
relieve,  as  far  as  possible,  the  strain  on  the  muscles  produced  by 
always  throwing  the  chief  work  on  one  process,  i.  e.,  that  of 
pulling  the  bucket  up.  This  was  accomplished  by  the  invention 
of  the  lever  arrangement  depicted  in  the  figure,  and  which, 
though  it  first  came  into  use  thousands  of  years  ago,  is  still 
employed  in  nearly  all  parts  of  the  world.     It  is  doubtful  if  any 

Fig.  30. 


Raiding  water  in  well*,  early  method. 

human  contrivance  has  held  its  ground  for  so  long  a  time,  or 
been  so  universally  applied,  as  the  one  in  question. 

135.  Pulley  Wells  are  another  device  by  which,  in  place  of 
pulling  upwards,  force  is  applied  to  pull  downwards,  and  so 
advantage  is  taken  of  the  weight  of  the  body.  It  consists  of  a 
rope  which  passes  over  a  grooved  wheel,  or  pulley,  in  the  top  of 
the  well  house.  To  each  end  of  the  rope  a  bucket  is  attached. 
The  buckets  balancing  each  other,  their  weight  is  eliminated, 
an  additional  advantage  to  that  of  applying  the  force  downwards 
instead  of  upwards. 

An  early  improvement  in  the  use  of  the  pulley  was  to  substi- 
tute the  axle  and  winch  therefor.  At  first  it  was  applied 
to  a  single  bucket  to  reduce  the  effort  required  to  raise  it  when 
filled  with  water.  Afterwards  it  was  modified,  a  series  of 
buckets  being  attached  to  an  endless  rope.  These  passing  under 
a  wheel  in  the  water  of  the  well  were  filled,  and  emptied  as  they 
surmounted  the  wheel  above,  which  gave  motion  to  the  appa- 
ratus. This  device  is  still  in  operation  in  harbors  for  the  purpose 
of  dredging,  or  raising  accumulations  of  soft  mud. 

In  place  of  a  series  of  buckets,  an  endless  chain  is  sometimes 
arranged  with  disks  about  a  foot  apart.  This  is  passed  through 
a  tube.  The  disks  fitting  the  tube  as  closely  as  possible,  carry 
the  water  upwards  when  the  chain  is  passed  through  the  tube 
rapidly.     This  constitutes  the  chain  pump,  and  is  very  useful 
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where  dirty  water  is  to  be  raised,  since  it  is  not  so  apt  to 
become  clogged  as  an  ordinary  pump,  or  if  it  does,  relieves 
itself  by  reversing  the  motion.  For  the  chain  and  disks  a  rope 
of  hair  is  sometimes  substituted. 

136.  Archimedes^  Screw  is  another  ancient  device  well  adapted 
to  raising  large  quantities  of  water  to  a  moderate  height.  It  con- 
sists of  a  pipe,  A  B,  open  at  both  ends,  and  wound  spirally  around 
a  cylinder,  as  is  shown  in  the  figure.  As  the  cylinder  is  made  to 
revolve  by  the  winch  C,  the  lower  end  of  the  pipe  dips  under 
the  water,  which  is  raised  along  the  tube  as  up  an  inclined  plane. 
The  inclination  of  the  shaft,  or  cylinder,  to  the  horizon  should 
not  be  more  thau  45°.  The  pipe  should  make  about  three  or 
four  turns  on  the  shaft  at  an  angle  of  about  *>0°  to  its  axis. 

Fig.  31. 


Arvhinn»«i«-*'*  »tvw. 


This  is  perhaps  the  most  economical  device  for  raising  water, 
both  as  to  cost  and  waste  of  power.  It  is  extensively  used  in 
Holland  for  purposes  of  draining,  the  motive  power  being  a 
windmill.  It  is  also  used  in  France,  the  motive  power  being 
steam,  and  the  pipe  sometimes  five  or  six  feet  in  diameter.  It  is 
also  well  adapted  to  raising  sewage,  and  might  in  that  case  be 
driven  bv  a  windmill. 


Fig. 
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137.  The  Persian  Wheel  is  a  large  wheel 
with  paddles,  A  A,  which  dip  into  a  stream, 
the  water  of  which  has  sufficient  rapidity 
to  cause  it  to  turn.  The  margin  of  the 
wheel  also  carries  buckets,  which  fill  be- 
low and  discharge  into  a  trough  at  the  top 
of  the  wheel.  The  water  of  the  stream  is 
thus  forced  to  raise  itself.  A  modification 
of  this  arrangement  is  depicted  in  the 
figure.  In  this  the  spokes,  B  B,  of  the 
wheel  are  troughs  or  tubes  curved  in  the 
manner  shown.  When  their  extremities  dip  into  the  water,  a 
portion  of  the  fluid  is  taken  up  and  carried  to  the  axis,  X,  of 
the  wheel,  where  it  is  discharged  along  a  tube. 
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138.  The  Siphon. — Where  an  elevation  intervenes  between  the 
source  of  water  and  the  place  where  it  is  used,  it  may  be  passed 
over  the  hill  by  a  siphon.  The  vertical  height  to  which  the  fluid 
may  be  raised  cannot  be  more  than  thirty-four  feet  above  the 
level  of  the  water  source. 

The  siphon  consists  of  a  bent  tube,  open  at  both  ends,  as  is 
shown  in  the  figure.  The  arm  B  is  longer  than  the  arm  A. 
The  extremity  A  being  placed  in  water,  and  the  entire  length 
of  the  tube  filled  therewith,  the  longer  column  of  water  in  B 
tends  to  fall  out  of  it;  an  exhausting  action  is  thus  produced  in 
the  curved  portion  of  the  tube.  The  air  pressing  on  the  sur/ace 
of  the  water  at  A,  forces  it  up  into  the  tube,  and  as  fast  as  it 
reaches  the  curve  it  turns  into  B,  and  passing  down  a  continu- 
ous flow  is  established. 

The  greater  the  length  of  the  long  arm,  compared  with  that 
of  the  short  arm,  the  more  rapid  is  the  flow  through  the  siphon. 

The  siphon  offers  an  example  of  the 
association  of  hydraulics  with  pneumatics, 
for  the  force  brought  into  play  is  the  pres- 
sure of  the  air,  as  we  have  stated.  This  is 
easily  shown  by  the  fact  that  a  siphon  ceases 
to  work  if  it  is  placed  under  an  air-pump 
bell  and  a  vacuum  made  therein. 

By  this  device  the  government  school  at 
West  Point  is  supplieu  with  water  from  the 
opposite  side  of  one  of  the  hills  by  which 
that  station  is  encircled.  When  the  height 
to  which  the  water  is  raised  in  the  short 
tube  approaches  30  feet,  the  tube  is  liable 
to  be  gradually  filled  at  the  curve  with  air 
derived  from  the  water;  when  this  hap- 
pens the  siphon  ceases  to  work.  The  air 
mast  then  be  pumped  out  ot  the  bend, 
when  the  siphon  again  acts. 

Large  siphons  like  that  described  above 
ire  most  easily  filled  or  refilled,  when  necessary,  by  having  a 
stopcock  at  each  end,  and  another  at  the  highest  point  of  the 
bend.  The  operation  of  filling  then  consists  in  merely  closing 
the  cocks  at  the  extremities,  and  pouring  in  water  at  the  bena 
until  the  tube  is  full.  Then  closing  the  cock  at  the  bend,  and 
opening  those  at  the  extremities  the  flow  is  established.  Large 
siphons  have  also  been  used  for  carrying  sewage  over  interven- 
ing elevations,  and  for  emptying  poncjs. 

For  the  purpose  of  retaining  the  fluid  in  a  small  siphon,  so 
that  it  may  at  all  times  be  ready  for  use  in  a  given  liquid,  both 
arms  are  sometimes  made  of  the  same  length  and  turned  up,  as 
is  shown  in  Fig.  34  at  A  B. 


The  tfiphon. 


120 


LIQUID   MATTER. 


This  form  is  very  useful  in  removing  the  liquids  covering 
precipitates,  especially  when  a  number  of  analyses  are  to  be 
made.     Siphons  of  glass  are  frequently  used  in  the  laboratory. 


Fro.  34. 


tf=^ 


A 


B 


Fio.  35. 


Retaining  Hpuou. 


Glam  siphon. 


When  the  liquid  to  be  decanted  is  corrosive,  the  finger  cannot 
be  used  to  close  the  end  of  the  instrument,  as  may  be  done  in 
the  case  of  water.  Under  these  circumstances  the  form  repre- 
sented in  Fig.  35  is  employed,  as  follows:  The  end  of  the  short 
arm,  C,  being  placed  in  the  fluid,  the  stopcock  near  the  end  of 
the  long  arm,  A,  is  closed.  The  mouth  being  applied  at  D,  the 
fluid  is  drawn  over  the  bend,  B,  into  the  long  arm.  As  soon  as 
the  fluid  passes  the  line  in  the  long  arm  at  which  it  is  on  the 
same  level  as  in  the  vessel,  C,  the  siphon  begins  to  draw.  At 
this  moment  the  mouth  must  be  removed  from  I).  Opening 
the  stopcock  at  A,  the  fluid  passes  out,  the  discharge  being  under 
perfect  control  by  the  stopcock. 

139.  Flexible  Siphon. — All  kinds  of  material  may  be  used  in 
the  construction  of  siphons.  In  filling  electric  batteries  with 
dilute  sulphuric  acid,  which  has  been  made  up  in  quantity,  a 

Siece  of  India-rubber  tube  answers  admirably.  The  tube  being 
ipped  into  the  liquid,  it  fills;  then  bringing  the  upper  end 
close  to  the  surface,  and  pinching  it  together  in  order  to  close 
it,  a  portion  of  the  tube  is  drawn  over  the  side  of  the  vessel,  and 
a  siphon  is  formed.  On  removing  the  pressure  of  the  fingers, 
a  flow  is  established  into  one  of  the  battery  jars.  When  the 
jar  is  full  enough,  the  flow  is  stopped  by  again  compressing  the 
sides  at  the  free  end.  By  this  method,  without  spilling  or 
waste,  the  liquid  may  all  be  siphoned  into  the  battery  jars. 
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Intermittent  siphon. 


Where  it  is  desired  to  establish  a  very  slow  flow,  an  ordinary 
cotton  lamp-wick  may  be  used.     In  the  case  of  acids  and  other 
corrosive  liquids,  threads  of  asbestos,  or  a 
bundle  of  very   fine   capillary  glass  tubes  Fig.  36. 

may  be  formea  into  a  siphou. 

140.  The  Intermittent  Siphon,  as  is  shown  in 
the  figure,  consists  of  a  siphon,  A,  in  which 
the  short  arm  is  curved  and  dips  nearly  to 
the  bottom  of  a  vessel,  into  which  water  is 
continually  flowing.  The  long  arm  passes 
through  the  bottom.  When  the  water  rises 
to  a  sufficient  height  to  fill  the  bend  of  the 
siphon,  it  is  thrown  into  action,  and  the  con- 
tents of  the  vessel  pass  off".  The  siphon  then  empties  itself,  and 
cannot  act  again  until  the  fluid  rises  to  the  bend. 

The  intermittent  springs  which  occur  in  nature,  are  often 
produced  in  this  manner. 

Valvular  Apparatus  for  Raising  Water. 

141.  Pumps  and  Valves. — These  consist  usually  of  a  cylinder  in 
which  a  pistou  moves,  water  or  air  tight.  The  direction  in 
which  the  water  is  to  flow  is  governed  by  valves,  and  according  as 
these  are  arranged,  we  may  have  three  kinds  of  pumps :  1st.  The 
suction  or  lift-pump;  2d.  The  force-pump;  3d.  The  compound 
pump,  which  is  both  suction  and  force  in  its  action. 

The  forms  of  valves  employed  are  represented  in  the  figures. 
At  A,  we  have  the  ordinary  form,  viz.,  a  disk  of  metal  working 
on  a  hinge  and  covered  with  leather  below  to  make  it  air  tight. 
This  is  called  a  clack  voice.     B  represents  the  conical  valve,  con- 

Fig.  37. 


VaWo». 


etructed  as  follows :  To  a  conical  opening  a  plug  is  fitted.  The 
movements  of  the  plug  are  limited  and  guided  by  a  rod  which 
passes  from  it  through  an  opening  in  a  metallic  loop  below.  In 
a  third  form  a  disk  of  metal  is  pierced  by  a  number  of  small 
holes,  a  strip  of  oiled  silk  stretches  across  these  above,  and 
rising  or  falling  by  its  own  elasticity,  as  the  exhausting  or  com- 
pressing force  is  applied,  opens  or  shuts  the  holes  and  forms  a 
very  perfect  valve.  This  is  the  form  usually  employed  in  air- 
pumps  and  similar  pneumatic  apparatus. 
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142.  The  Lift-pnmp. — Like  the  siphon,  the  lift-pomp  depends 
upon   the  pressure  of  the  air  for  its  action.     It  contains  two 

valves :  One  in  the  base  of  the  cylinder,  B,  and  one 
Km.  :58  in  the  piston,  C.  Both  of  these  valves  open 
upwards.  The  piston  being  at  the  bottom  of  the 
cylinder  and  moved  upwards,  the  valve  in  the  pis- 
ton closes,  that  ot  the  cylinder  opens,  and  as  the 
piston  rises  the  pressure  of  the  air  forces  the  water 
upwards  into  the  cylinder.  Having  reached  the 
tup  of  the  cylinder,  A,  the  motion  of  the  piston  is 
reversed;  instantly  the  valve  in  the  bottom  of  the 
cylinder  closes,  the  fall  of  the  fluid  is  thereby  pre- 
vented. The  valve  in  the  piston  then  opens, 
allows  the  piston  to  descend,  the  charge  of  water 
in  the  cylinder  passing  through  the  opening  in  the 
piston.  At  the  next  upward  stroke  the  water  in 
the  cylinder  is  lifted  higher  and  flows  out  of  the 
spout  at  D,  its  top.  At  the  same  time  the  air 
pressure  forces  more  water  into  the  cylinder, 
and  thus  the  action  is  continued. 

By  means  of  a  pipe  attached  to  the  bottom  of  the  cylinder 
the  action  of  the  pump  may  be  applied  to  water  at  a  considerable 
distance  below  its  position.  Theoretically,  the  height  a  pump 
of  this  kind  can  raise  water  is  thirty-four  feet;  practically,  it  ib 
limited  to  twenty-eight  or  thirty  feet. 

143.  The  Force-pump. — In  this  form  the  piston  is  Bolid,  as  is 
shown  in  the  figure  at  A  C.     The  pump  end,  II,  is  placed  in  the 


fluid  to  be  raised.     The  lower  part  of  the  cylinder,  C,  is  pn>- 
vidud  with  a  valve,  B.     From  the  side  of  the  cylinder,  and  uear 
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its  bottom,  a  tube,  D,  passes,  this  is  likewise  closed  by  a  valve. 
As  in  the  lift-pump,  both  valves  open  upwards.  The  piston 
being  at  the  top  of  the  cylinder,  on  making  a  downward  stroke, 
the  valve,  B,  of  the  cylinder  closes,  that  of  D  opens,  and  water 
flows  through  it.  On  making  the  upward  stroke,  the  reverse 
takes  place.  The  cylinder  valve  B  opens,  that  in  the  tube  D 
closes,  and  the  water  flows  into  the  cylinder. 

Usually  an  air  or  condensing  chamber  is  attached  to  the  exit 
tube.  Its  function  is,  by  the  compressibility  and  elastic  proper- 
ties of  the  air,  to  make  the  discharge  of  water  continuous  and 
relieve  the  machine  from  the  shocks  to  which  it  would  be 
submitted  by  the  action  of  the  piston  on  the  slightly  compres- 
sible water.  The  air  chamber  is  virtually  a  gas  spring,  and 
serves  the  same  purpose  as  any  elastic  spring. 

The  action  of  the  heart  is  conducted  on  the  same  principle  as 
a  simple  force-pump.  It  does  not  exert  any  suction  action  on  the 
veins,  but  merely  receives  the  blood  from  them  and  forces  it  into 
the  arteries  of  the  lungs  or  of  the  body. 

In  the  third  form  of  pump,  the  departure  from  that  just  con- 
sidered consists  in  removing  it  to  a  distance  above  the  fluid 
instead  of  placing  it  therein,  a  pipe  being  attached  to  the  lower 
part  of  the  cylinder.  On  making  an  upward  movement  of  the 
piston,  water  is  forced  up  into  the  cylinder  by  the  pressure  of 
the  air.  This  constitutes  the  lift  action,  and  is  limited  to  thirty- 
four  feet,  as  in  the  ordinary  pump.  The  down  stroke  of  the 
{)iston  produces  the  force  action  as  before  described.  The  only 
imit  to  this  latter  movemeut  is  the 
strength  of  the  apparatus  and  the  power 
available.  . 

Another  device,  for  the  special  purpose 
of  forcing  acids  out  of  the  carboys  in 
which  they  are  stored,  has  been  recently 
introduced.  It  consists  of  a  rubber  cap 
or  stopper,  A,  which  fits  the  mouth  of  the 
carboy  air  tight.  Through  this  two  tubes, 
B  and  C,  pass.  Tube  C  goes  to  the 
bottom  of  the  vessel.  Tube  B  merely 
passes  through  the  stopper;  it  terminates 
above  in  a  small  force-pump  by  which  air 
is  forced  through  B  into  the  upper  part  of 
the  carboy.  The  elastic  force  of  this  con- 
densed air,  acting  on  the  surface  of  the 
acid  in  the  carboy,  forces  the  liquid  through  the  tube  C.  By 
this  contrivance,  strong  acids  may  be  transferred  without  the 
escape  of  irritating  fumes  which  so  often  attend  the  pouring  of 
liquid  from  a  carboy. 


Fig.  40. 


Decanting  aciil*. 
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144.  Hydraulic  Ram. — Wlien  water  is  flowing  freely  from  a 
stopcock,  if  we  suddenly  check  its  escape  tlic  pipe  emits  a  sound 
as  though  it  were  struck.  This  sound  originates  in  the  mo- 
mentum of  the  water  moving  in  the  pipe,  and  depends  directly 
on  the  weight  and  rate  of  movement.  In  place  of  allowing  the 
shock  of  the  moving  water  to  spend  itself  upon  the  pipe,  let 
relief  be  offered  by  a  small  opening  made  in  its  side.  If  the 
Btopcock  be  then  suddenly  closed,  a  fine  jet  of  water  will  be  HHO 
to  Bpiirt  from  the  opening  to  the  height  of  many  feet,  and  the 
clack  or  noise  will  disappear  or  be  greatly  lessened. 
The  hydraulic  ram  acts  en  the  principle  just  described.  In  it 
the  momentum  of  a  column  of  water 
Fiq.  11-  is  applied  to  the  raising  of  a  portion 

of  the  column  to  a  very  great  height. 
Compared  with  that  of  the  original 
source  from  which  the  water  was 
derived.  The  machine  consists  of  a 
lulu-,  A  0,  two  <>r  three  inches  in 
diameter,  and  twenty  or  more  feet 
in  length,  with  a  fall  such  as  may  bt 
available,  say  three  to  ten  or  more 
feet.  At  A  there  is  a  metal  valve,  guided  and  controlled  by  a 
loop.  The  valve  opens  downwards.  At  IJ  another  valve  gives 
access  to  the  reservoir  above,  this  opens  upwards;  D  is  the 
delivery  tube. 

When  the  water  in  the  pipe  (J  is  at,  rest,  the  heavy  metallic 
valve  at  A  falls;  through  the  opening  thus  made,  the  water  in 
C  passes,  a  flow  is  thus  established,  which  soon  becomes  so 
strong  that  it  raises  the  valve  at  A.     The  momentum  of  the 

oola of  water  in  the  tube  being  thus  suddenly  cheeked,  it 

relieves  itself  by  passing  into  the  pear-shaped  chamber  by 
raising  the  valve  at  B.  The  chamber  is  constructed  to  act  like 
an  air  or  condensing  chamber.  When  the  momentum  of  the 
column  of  water  has  been  relieved  by  the  passage  of  a  portion 
into  the  condensing  chamber,  and  the  pressure  on  the  valve  B 
lessens,  the  return  of  the  water  is  prevented  by  the  closure  of 
the  valve  I!,  The  water  in  the  tube  C  having  come  to  rest,  the 
palva  A  drops,  the  How  is  reestablished,  again  checked,  again 
there  is  escape  through  15.  This  action  continuing,  sufficient 
pressure  is  finally  accumulated  in  the  air  vessel  to  raise  the 
water  toned  into  it  to  a  vertical  height  of  a  hundred  feel 
H  more  above  the  ram  through  the  tube  D. 

The  hydraulic  ram  is  especially  adapted  to  supplying  nvtei 
to  houses  in  the  country.  In  old  days  the  fanner  built  his 
house  under  the  shelter  of  a  hill  to  protect  it  from  the  blasts  of 
winter.  At  the  same  tinie  he  assured  himself  of  it  supply  of 
water,  either  from  a  spring   or  from  a  well.     In  these  time* 
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when  the  merchant  has  accumulated  money,  he  rears  a  palatial 
mansion  in  the  country.  Extended  view  of  the  surrounding 
landscape,  and  free  exposure  to  every  summer  zephyr,  are  the 
things  he  chiefly  seeks.  An  ample  supply  of  water  throughout 
the  house  is  also  essential.  To  obtain  this  on  the  hill  summit, 
he  must  either  construct  tanks  in  the  top  of  the  building  in 
which  large  quantities  of  rain  water  may  be  stored,  or  resort  to 
pumping  water  from  sources  below  the  level  on  which  his  house 
is  built. 

Under  these  circumstances,  if  a  sufficient  flow  of  water  is 
available,  the  hydraulic  ram  furnishes  just  what  is  needed. 
Once  thrown  into  action,  it  works  for  months  or  even  years 
without  any  attention.  All  that  is  necessary,  is  to  protect  it 
and  its  pipes  from  frost,  by  placing  them  deep  in  the  ground. 
Sand  or  grit  should  also  be  prevented  from  gaining  access 
to  the  interior,  where  it  would  wear  the  valves. 

When  the  supply  of  water  is  not  sufficient  to  work  the 
machine  continuously,  the  ram  may  still  be  used  by  constructing 
a  cistern  into  which  the  water  may  run.  Thus,  in  the  course  of 
twenty-four  hours  a  sufficient  quantity  may  be  accumulated  to 
run  the  ram  for  a  number  of  hours  or  long  enough  to  furnish  a 
sufficient  supply  for  the  needs  of  the  establishment.  Under 
these  circumstances,  the  storage  cistern  should  be  broad  and 
shallow,  not  deep.  The  tube  conveying  the  water  from  it  to  the 
ram,  should  have  considerable  fall  and  length,  to  gain  as  much 
momentum   as  possible.      The  greater    the    momentum,    the 

(greater  the  proportion  of  water  raised.  There  is,  of  course,  a 
imit  to  the  shock  the  machine  will  stand,  and  the  momentum 
must  be  kept  within  bounds.  To  reduce  the  hydraulic  iriction 
in  the  tube  which  conveys  the  water  to  the  house,  and  which  is 
often  at  a  considerable  distance,  it  should  have  a  bore  at  least  one 
inch  in  diameter. 

Development  of  Power. 

Next  to  air,  water  is  the  essential  of  greatest  importance  to  the 
support  of  life.  We  cannot  exist  for  more  than  a  few  moments 
without  air.  Deprived  of  water,  life  may  be  sustained  for  a  few 
days.  Without  food,  but  with  sufficient  supply  of  water  and 
air,  we  may  live  for  many  weeks. 

To  secure  a  sufficient  supply  of  this  important  fluid,  not  only 
for  the  absolute  maintenance  of  life,  but  also  for  the  preserva- 
tion of  health,  is  a  matter  which  commands  the  earnest  atten- 
tion of  physicians.  Therefore,  it  is,  that  we  have  presented 
at  length  all  the  ordinary  devices  for  raising  water,  so  that 
it  may  be  available  in  sufficient  quantity  to  secure  the  most 
perfect  cleanliness. 
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In  cities,  a  liberal  supply  of  water  to  each  individual  is  of  even 
greater  importance  than  in  the  country.  To  meet  this  demand 
on  the  scale  required,  necessitates  the  exercise  of  considerable 
ingenuity.  To  raise  a  sufficient  amount  of  water  for  the  demands 
of  a  large  community,  means  the  expenditure  of  considerable 
power.  This  may  always  be  obtained  by  the  agency  of  steam, 
but  if  a  sufficient  flow  of   water  is   available,  it  is  far  more 

m omieal   to  press   it   into   service   as   the  source  of  power. 

The  production  of  power  from  running  water  may  be  accom- 
plished either  by  water-wheels  or  by  the  turbine. 

145.  Water-wheels.  —  These  are  of  three  kinds:  1st.  The 
andenhoi  wheel,  in  which  the  paddles  of  the  wheel  merely  dip 
into  the  water  of  the  stream  as  it  flows  past.  2d.  The  breast 
wheel,  in  which  the  water  meets  the  wheel  less  than  half  way  up 
its  height,  and  then  by  means  of  a  curved  trough  is  kept  in  con- 
tact   with   tin.'   paihlli.'s.     In  this   form,  movement  1b  produced 

Enrtly  by  the  impact  of  the  water  agaiust  the  buckets,  and  partly 
y  its  weight  as  it  passes  down  the  trough  and  carries  the 
buckets  before  it.  3d.  The  overshot  wheel;  in  this  the  paddles  are 
shut  in  on  the  sides  and  converted  into  buckets.  The  water 
bi'ing  delivered  on  the  top  of  the  wheel,  the  buckets  fill,  and  the 
action  is  entirely  the  result  of  the  gravity  of  the  water.  For  a 
given  quantity  of  fluid  this  form  gives  the  maximum  of  effect. 
It  is,  however,  only  applicable  when  the  tall  of  water  is  of  suffi- 
cient height.  The  breast  wheel  answers  best  with  small  fall  and 
large  flow. 

By  the  use  of  one  of  these  wheels,  in  a  stream  of  water  unfit 
for  the  purposes  of  domestic  use,  power  may  be  generated 
whereby  the  water  from  springs  at  a  distance  may  he  raised. 

146.  The  Turbine  is  t  modification  of  the  hydraulic  tourniquet 
or  Barker's  mill  (124).     It  consists  of  a  drum  closed  at  top  and 

bottom.     The  interior  of  the  drum    is 
Kio.  42.  divided  into  a  series  of  curved  channels, 

which  radiate  from  its  axis.  The  water 
is  admitted  through  the  axis,  which  is 
hollow,  and  passes  into  the  channels; 
by  its  reaction,  as  it  glances  off  On 
curved  blades,  the  drum  is  caused  to 
revolve. 

Various   modifications    of  the   above 

TvmHiii.  have   been    introduced.      In   some    the 

blades    revolve    in    the    drum    and    so 

develop  power.      On  a  great  scale,   turbines  are  employed  at 

Philadelphia  for  the  purpose  of  raising  the  water  used  in  that 

city. 
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147.  The  Centrifugal  Pump. — The  mention  of  this  apparatus 
has  been  deferred  until  now  for  the  sake  of  brevity  of  descrip- 
tion. It  is  virtually  a  turbine  reversed.  By  steam,  or  other 
power,  the  blades  in  the  last  described  form  of  turbine  are 
thrown  into  rapid  revolution.  Water  is  then  admitted  at  the 
axis,  it  is  caught  by  the  revolving  arms  and  hurled  to  the  cir- 
cumference, where  the  centrifugal  force  developed  is  so  great 
that  the  water  may  by  suitable  means  be  made  to  rise  in  Targe 
volume  to  a  moderate  height. 

This  form  of  pump  is  admirably  adapted  to  the  purposes  of 
drainage  where  the  height  to  be  surmounted  is  not  very  great. 

Conveying,  Storing,  and  Distributing  Water. 

Liberal  supply  of  water  to  ancient  cities  was  largely  effected 
by  means  of  open  canals.  Ruiys  of  these  still  exist  in  connec- 
tion with  the  gigantic  cities  of  Assyria.  Through  their  agency 
the  hanging  gardens  of  Babylon  were  supplied.  Phoenicia, 
Jordan,  and  Egypt,  also  present  innumerable  ruins  of  canals, 
tanks,  and  aqueducts.  So  extensive  were  the  aqueducts  of 
ancient  Rome,  that  they  delivered  a  per  capita  supply  of  forty 
gallons  a  day  to  its  enormous  population.  Some  of  these,  and 
there  were  about  twenty,  were  over  forty  miles  in  length. 
They  pierced  hills,  and  traversed  valleys  on  lofty  arches  ot 
brick,  many  of  which  are  standing  at  the  present  day. 

It  is  worthy  of  remark  that  a  large  part  of  the  supply  ot 
water  to  Rome  was  consumed  at  the  baths.  The  lack  of  mate- 
rial, other  than  earthenware,  for  the  construction  of  pipes  which 
could  resist  the  pressure  of  a  sufficient  head  of  water,  prevented 
its  general  introduction  into  houses.  Hence  arose  the  immense 
public  baths,  which  were  one  of  the  chief  places  of  public 
resort  of  those  days.  It  is  true,  that  in  the  palaces  of  the 
wealthy,  water,  and  even  fountains,  were  to  be  found  in  their 
courts,  but  nothing  existed  to  be  compared  with  the  distribution 
throughout  the  lofty  houses  of  our  time. 

Though  the  present  supply  to  New  York  City  is  95,000,000 
gallons  daily,  which  is  about  80  gallons  per  capita,  it  is  doubtful 
if  the  actual  consumption  for  purposes  of  cleanliness  is  equal  to 
that  of  ancient  Rome.  So  great  is  the  quantity  of  water  used 
in  New  York  for  manufacturing  purposes,  and  so  little  attention 
is  paid  to  waste,  that  it  is  estimated  that  much  less  than  one- 
half  of  the  supply  is  actually  used  in  domestic  service.  This 
would  give  less  than  forty  gallons  per  capita,  which,  as  stated 
above,  was  the  Roman  allowance. 

148.  Materials  for  Hydraulic  Engineering. — The  Roman  aque- 
ducts were  built  almost  entirely  of  brick  and  hydraulic  cemeut. 
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The  perfect  adaptation  of  these  materials  to  the  purpose  to 
which  they  were  applied,  is  demonstrated  by  the  manner  in 
which  these  water  conduits  have  survived  the  ravages  of  time. 
Another  advantage  they  present,  in  addition  to  that  of  imper- 
ishability, is  that  when  hydraulic  cement  has  once  fairlv  set 
and  hardened,  it  is  as  little  acted  upon  by  water  as  is  brick 
itself.  The  water  delivered  by  these  aqueducts  was,  therefore, 
free  from  any  impurity  other  than  what  it  may  have  brought 
from  the  hills  among  which  it  was  collected. 

Not  only  was  Rome  great  in  its  aqueducts,  but  its  sewers 
also  excelled  those  of  modern  times.  Even  at  the  present  day 
hardly  a  sewer  exists  that  can  compare  in  size  with  the  Cloaca 
Maxima,  and  not  one  surpasses  it  in  workmanship. 

The  great  advantage  in  the  distribution  of  water  possessed  by 
modern  engineers,  is  the  adaptation  of  pipes,  made  of  different 
metals,  to  this  purpose.  In  an«ient  days  there  was  little  choice 
beyond  tubes  of  earthenware  cemented  together,  or  rude  wooden 
tubes  made  like  boxes,  or  by  boring  stems  of  trees.  These  can 
only  withstand  moderate  pressures.  As  the  houses  in  those 
days  were  not  very  lofty,  rarely  being  more  than  one  story  high, 
these  simple  contrivances  sufficed  for  the  circumstances  under 
which  they  were  employed. 

The  immense  tubes  of  cast-iron  now  used  as  the  water  mains 
of  great  cities,  are  one  of  the  recent  contributions  of  science  to 
the  comfort  and  health  of  communities.  The  spinning  of  lead 
pipes  is  also  a  modern  device,  while  the  lining  of  leaden  pipe 
with  pure  tin  is  an  operation,  the  age  of  which  is  practically 
limited  to  the  last  twenty-five  years. 

Of  the  materials  just  mentioned,  though  iron  is  slowly  acted 
on  by  water,  the  resultant  oxides  are  innocuous.  Recent  im- 
provements have,  moreover,  so  reduced  the  price  of  small  tubes 
of  iron,  that  they  are  very  generally  driving  out  those  of  lead. 
The  difficulty  in  the  use  of  lead  is  its  liability  to  cause  con- 
tamination of  water,  by  being  slowly  dissolved  therein  as  a 
superearbonate. 

\Vhen  water  is  very  pure,  the  liability  to  the  introduction  of 
poisonous  lead  compounds  is  much  greater  than  when  it  is 
impure,  or  contains  sulphates  of  lime,  soda,  potassa,  etc.  Rain 
water,  by  virtue  of  its  freedom  from  the  salts  we  have  men- 
tioned, is  far  more  liable  to  contamination  than  is  spring  or  well 
water.  The  latter  nearly  always  eontainssulphates,  which,  uniting 
with  the  lead  as  soon  as  it  is  dissolved,  form  a  coating  of  a  per- 
fectly insoluble  sulphate  of  lead  on  the  interior  of  the  pipe.  An 
old  lead  pipe  will,  therefore,  deliver  a  purer  water  than  one  which 
is  new.  Advantage  has  heretofore  been  taken  of  this  fact,  and 
wher«k  a  pure  water  was  to  be  conveyed  in  lead  tubes,  thev  have 
been  tilled  with  solutions  of  sulphates,  or  of  soluble  sulphides, 
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and  an  insoluble  lining  of  sulphate  or  of  sulphide  of  lead 
formed. 

The  liability  of  the  coatings  above  mentioned  to  fissure  and 
split  under  varying  changes  of  temperature  and  expose  the  lead, 
has  resulted  in  the  introduction  of  a  process,  whereby  at  the 
time  the  lead  pipe  is  spun  a  lining  of  tin  is  also  spun  in  its 
interior.  If  properly  constructed,  no  pipe  equals  this  in  freedom 
from  contamination  in  the  water  it  conveys.  The  difficulties 
are :  1st.  The  liability  to  use  impure  tin,  in  which  case  a  voltaic 
circuit  is  established  between  the  alloyed  metals  and  the  water, 
and  so  poisonous  metallic  salts  are  introduced  into  the  liquid 
in  the  tube.  2d.  The  difficulty  of  making  joints  in  which  two 
metals  shall  not  come  in  contact  with  the  water  and  produce 
the  same  result  as  if  the  tin  was  impure. 

Of  all  substances  that  may  be  employed  for  the  conveyance 
of  water,  glass  is  perhaps  the  best.  Its  brittleness  has  heretofore 
prevented  its  introduction.  Perhaps,  in  the  future,  malleable 
glass,  which  is  now  only  known  as  a  curiosity  of  the  laboratory, 
may  find  its  practical  application  in  the  construction  of  water 
pipes. 

149.  Sewage  in  Houses  is  one  of  the  questions  in  hygiene 
which  is  now  a  subject  of  general  inquiry.  We  cannot  put  it 
more  clearly  before  the  reader  than  by  a  brief  account  of  the 
development  of  this  important  factor  in  the  construction  of 
houses  in  New  York. 

When  the  Croton  water  was  first  introduced  into  the  city,  the 
streets  Were  not 'generally  sewered.  It  was,  therefore,  the 
common  practice  to  prepare  a  receptacle  for  the  wTaste  water 
and  sewage  from  water-closets,  by  knocking  a  hole  in  the 
bottom  of  the  old  rain  water  cistern,  or  by  constructing  a 
cesspool  in  the  cellar.  Though  the  water-closets  of  those  days 
might  have  traps,  the  pipes  from  the  basins  and  sinks  were  gen- 
erally without  them.  Under  these  conditions,  there  were  often 
two  or  three  feet  of  putrefying  filth  in  the  cesspool,  the  noxious 
gases  from  which  gained  access,  by  the  waste-pipes,  to  the  bed- 
rooms in  all  parts  of  the  house. 

In  time,  the  sewer  system  of  the  city  was  completed,  and  the 
abolition  of  cesspools  became  general,  much  to  the  advantage  of 
the  health  of  the  community.  In  scattered  localities,  however, 
these  foci  of  disease  still  exist. 

Though  the  sewers  were  a  great  improvement,  they  did  not 
accomplish  all  that  was  possible,  because  of  faulty  construction. 
In  many  localities  the  descent  was  not  a  continuous  gentle 
decline,  but  here  and  there  parts  were  horizontal  and  even 
slightly  raised.    The  consequence  was  the  formation  of  pockets, 
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which   became  foci  of  fermentation  as   bad   as   the   old   cess- 
pools. 

To  avoid  the  passage  of  the  odorous  sewer  gas  into  the  house, 

every  basin  or  other  outlet  was  then  carefully  trapped  in  the 

manner   shown   in  the   figure.     By   this   device,  a  portion   of 

the  water  flowing  out  of  the  basin  was  retained  in  the  bend 

of  the  tube  at  A,  and  acting  as   a  water  valve 

prevented  the  access  of  sewer  gas  to  the  house. 

The  pipe  at  B  is  the  overflow. 

The  difficulty  witli  this  simple  trap  was,  that  the 
wuste-pipe  being  often  of  small  diameter  and  of 
the  same  calibre  as  the  trap,  the  water  in  passing 
down  the  descending  portion  of  the  waste-pipe, 
drew  with  it  the  last  portions  of  fluid  out  of  the 
trap  (123),  and  thus,  being  emptied,  it  became 
"  „,.  useless.     When  a  large  quantity  of  water  passed 

down  the  general  waste,  as  when  a  bath  was  dis- 
charged, the  exhaust  in  the  pipe  was  often  so  great  as  to  draw 
the  water  from  all  the  traps  in  the  house  and  leave  it  without 
protection  from  the  access  of  sewer  gas. 

When  waste-pipes  have  been  in  use  for  some  time  they 
become  coated  in  the  interior  with  a  deposit  of  organic  matter, 
which,  undergoing  putrefaction,  giveB  out  a  most  intolerable 
Btench.  It  is  from  the  pipes  in  the  bouse  rather  than  from  the 
sewer,  that  the  most  abominable  of  the  so-called  sewer  emana- 
tions arise.  The  deposit  in  question  is  the  curdy  material  which 
may  always  he  seen  on  the  sides  of  a  hath  after  use,  especially 
when  soap  has  been  freely  employed.  It  consists  of  epithelium 
with  oily  and  saline  excretions  removed  from  the  surface  of  the 
body  by  rubbing  it  with  water. 

Soap  also  offers  ite  share  of  contribution,  especially  if  there  be 
any  lime  salts  in  the  water,  which  is  nearly  always  the  case. 
The  manner  in  which  it  actB  is,  that  whereas  soaps  with  potash 
and  soda  are  soluble  in  water,  that  formed  with  lime  is  insoluble 
and  produces  the  curdy  material  which  always  appears  when 
soap  is  used  in  a  hard  or  lime  water.  This,  in  place  of  passing 
down  the  waste  to  the  sewer,  adheres  in  quantity  to  the  frails  « 
the  waste-pipe.  When  persons  recovering  from  exantbematous, 
or  other  diseases,  use  the  bath,  the  germs  of  these  are  also 
entrapped  in  the  curd,  and  lie  in  wait  for  such  time  as  may 
bring  them  release  and  set  them  free  for  further  action.  Doubt- 
less in  the  material  in  which  they  find  themselves  embedded, 
opportunity  is  offered  for  the  development  of  I'ontngion  spares 
in  innumerable  hosts. 

The  prevention  of  the  formation  of  these  accumulations  in 
w;ist ..-J. i pes  1ms  been  one  of  the  problems  of  modern  hydraulic 
Science.     It  has  been  round  that  if  a  circulation  of  air  can  be 
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kept  up  in  the  tubes,  the  deposit  will  dry,  and  peeling  off 
pass  into  the  sewer  and  be  disposed  of.  To  secure  this  ven- 
tilation the  waste-pipes  must  have  sufficient  Btze,  the  smallest 
being  at  least  two  inches  in  diameter  of  bore.  The  larger 
tubes  should  have  a  bore  of  six  inches.  They  should  be  made 
of  iron  pipe,  the  joints  of  which  are  carefully  closed  with 
lead. 

In  the  adjoining  figure  a  simple  plan  is  given  of  one  of  the 
best  arrangements  of  waste-pipes  to  secure  ventilation  thereof. 

Fio. «. 


From  the  sewer  the  drain  should  rise  gently  until  it  approaches 
the  house.  Within  a  few  feet  of  the  foundation  wall  a  trap 
should  be  formed.     This  will  prevent  any  passage  of  gas  from 
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the  sewer.  Just  as  it  leaves  the  trap,  a  branch,  five  inches  in 
diameter,  should  pass  vertically  upwards  and  communicate  with 
the  external  air  as  at  A.  On  entering  the  house  the  main  waste- 
pipe  should  pass  at  an  incline  along  one  of  the  side  walls  of  the 
cellar  to  its  chief  connections  with  the  house  pipes  and  leaders 
from  the  roof.  Being  exposed  throughout  its  whole  length,  any 
leak  or  imperfection  may  be  at  once  detected  and  remedied; 
careless  workmanship  is  also  easily  discovered. 

The  slight  difference  in  expense  of  this  method,  over  that  of 
laying  earthenware  pipes  under  the  cellar  floor,  is  not  worthy  of 
consideration,  when  compared  with  the  increased  security 
offered.  So  carelessly  is  work  done  by  the  workmen  of  our 
day  that  it  is  often  found,  after  examination,  that  these  hidden 
pipes  have  been  partially  plugged  with  various  materials  when 
they  were  laid.  At  other  times,  no  attention  is  paid  to  the 
preservation  of  a  continuous  decline,  but  shallow"  pockets  in 
which  solid  sewage  accumulates,  are  formed  at  more  than  one 
position.  In  every  case  many  and  frequently  all  the  joints  are 
open,  and  without  the  first  vestige  of  cement.  What  wonder, 
in  the  latter  case,  that  the  leakage  from  the  waste-pipes  suffices 
to  keep  the  subsoil  of  the  cellar  damp  with  liquid  sewage, 
and  suited  to  the  development  or  propagation  of  various  dis- 
eases. 

At  the  most  convenient  position,  which  will  generally  be 
some  twenty  feet  from  the  rear  of  the  building,  the  waste-pipe 
should  pass  vertically  upward,  out  through  the  roof,  and  to  a 
height  of  five  or  six  feet  above  the  same.  Here  it  should  termi- 
nate in  an  elbow  at  B.  In  its  whole  length,  from  A  to  B,  the 
waste-pipe  forms  an  air  siphon,  the  6hort  arm  being  at  A,  and 
the  ascending  portion  forming  the  long  arm.  An  upward 
draught  is  established  in  the  long  arm  by  virtue  of  its  greater 

warmth,  as  is  the  case  in  a  chimnev-shatt.     Its  coilrse  is  shown 

• 

by  the  arrows.  To  maintain  the  draught,  air  enters  through 
the  short  arm  at  A,  and  so  the  main  drain-tube  is  freely  venti- 
lated throughout  its  whole  extent. 

"With  a  free  current  of  air  in  the  main  drain,  the  lateral  pipes 
of  communication  with  the  basins  and  closets  may  be  sufficiently 
ventilated  to  secure  the  drying  and  removal  of  the  deposit, 
when  water  is  not  passing  along  them.  At  the  same  time, 
free  communication  by  the  vertical  pipe  with  the  external  air, 
and  its  great  diameter,  prevent  the  establishment  of  exhaust 
of  any  consequence  upon  the  traps,  and  they  are  not  emptied. 
If  with  such  an  arrangement  as  this,  the  water-closets  and  traps 
are,  from  time  to  time,  freely  flushed  out  with  a  liberal  supply  of 
water,  the  chances  for  the  development  ot  noxious  gases  and 
germs  are  reduced  to  the  minimum. 
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150.  Utilization  of  Sewage. — Though  the  utilization  of  the 
organic  matter  in  the  sewage  of  great  cities  has  received  little 
or  no  attention  in  this  country,  various  methods  have  been 
adopted  in  Europe.  Among  these,  the  simplest  is  the  direct 
use  of  the  sewage  water  for  the  purposes  of  irrigation.  Many 
devices  have  also  been  suggested  for  the  precipitation  of  the 
organic  material  from  the  immense  mass  of  liquid  in  which  it 
is  suspended.  Of  these,  the  most  satisfactory  is  that  by  the 
superphosphate  of  magnesia,  which  not  only  throws  down  the 
organic  matter,  but  also  adds  to  it  the  phosphate  so  necessary 
for  the  formation  of  a  first-class  fertilizer. 

The  method  by  magnesian  phosphate  consists  in  collecting  the 
sewage  discharge  of  a  day  in  an  immense  tank.  As  it  flows 
in,  it  receives  its  small  proportion  of  magnesian  phosphate.  It 
is  allowed  to  stand  a  day  or  so  for  the  precipitate  to  settle. 
Meanwhile  the  sewage  is  directed  into  another  tank,  and  so 
none  is  lost.  When  the  solid  matter  in  the  first  tank  has  settled, 
the  clear  water  is  discharged,  a  new  supply  admitted,  and  a 
second  deposit  forms.  After  the  deposits  have  gained  sufficient 
depth,  they  are  removed,  dried,  and  packed  for  use.  Doubts 
have,  of  late,  been  raised  as  to  the  wisdom  of  the  use  of  these 
deposits  on  account  of  their  liability  to  contain  germs  of  dis- 
eases, and  to  favor  their  propagation. 

151.  Marsh  Draining  and  Malaria. — In  closing  the  subject  of 
hydraulics  it  seems  proper  that  a  few  lines  should  be  devoted  to 
the  subject  of  the  drainage  of  marshes,  in  connection  with  the 
development  of  malaria. 

Experience  has  shown  that  malarial  poison  is  generally  most 
troublesome  in  those  years  in  which  there  has  been  a  deficiency 
in  the  rainfall.  The  common  explanation  given  of  this,  is  that 
under  these  circumstances  the  water  in  marshes  having  fallen 
below  its  normal  level,  the  black  slime  of  organic  matter  form- 
ing their  beds  has  been  exposed  to  the  strong  heat  of  the  sum- 
mer sun,  and  the  malarial  emanations  thereby  increased  in 
quantity  and  intensity.  Low  water  in  the  great  rivers  of  the 
West  is  also  followed  by  increase  in  and  aggravation  of  malarial 
troubles. 

Development  of  malaria  likewise  occurs  from  the  mere  up- 
turning of  earth  which  has  been  undisturbed  for  many  years. 
Of  this  Southern  New  York  has  given  evidence,  in  the  five 
great  waves  of  malaria  that  accompanied  the  construction  of 
the  Croton  Aqueduct,  the  building  of  the  Harlem,  Hudson 
River,  and  New  Haven  railroads,  and  of  the  Fourth  Avenue 
Tunnel.  Even  the  mere  ploughing  of  an  old  orchard  is  not 
without  its  effect.     In  the  latter  case,  if  the  upturning  is  done 
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late  in  the  fall,  and  the  earth  exposed  to  winter  frosts,  there  is 
much  less  probability  of  malarial  emanations,  than  if  the  earth 
is  turned  late  in  the  spring  or  during  the  summer. 

These  facts  show  that  when  it  is  deemed  proper  to  drain  a 
marsh,  arrangements  should  be  made  to  carry  the  operation  out 
as  late  as  possible  in  the  fall  of  the  year,  and  still  leave  sufficient 
time  to  give  the  soil  an  upturning  before  it  freezes.  Thus,  the 
winter  air,  charged  as  it  is  with  ozone,  may  have  an  opportunity 
to  come  in  contact  with  the  material  from  wThich  malarial 
emanations  arise,  and  exert  its  destructive  action  upon  it. 

In  no  case  should  a  marsh  be  either  drained  or  its  bed  ex- 
posed to  the  intense  heat  of  the  summer  sun. 


SECTION   IV. 
GASEOUS  MATTER. 


CHAPTER    XI. 


GENERAL  AND  SPECIAL  PROPERTIES  OF  GASES. 

General  observations  regarding  gases — Form  not  fixed — Gases  have  weight — Re- 
unite behind  dividing  solid — Hypothetical  constitution  of  gases — Vapors — 
Determination  of  density — Relation  of  density  to  combining  equivalent  in 
gases — Compressibility — Expansibility — Elastic  force — Elasticity. 

152.  General  Observations  Regarding  Oases. — As  water  was  taken 
as  the  type  for  the  examination  of  the  properties  of  liquids,  so 
air  offers  a  type  for  the  examination  of  the  gaseous  form  of 
matter.  The  study  of  the  physical,  in  contradistinction  to 
the  chemical  properties  of  gases,  is  called  pneumatics.  It  deals 
with  the  weight,  pressure,  elastic  force,  and  similar  properties 
of  this  form  of  matter.  In  illustration  of  the  leading  peculiari- 
ties of  gases  and  their  contrast  with  liquids,  we  place  before  the 
reader  the  following  extracts  from  the  work  of  JDr.  Arnott. 

"While  the  ancients  had  that  vague  notion  of  air  which 
made  them  apply  to  it,  almost  indifferently,  the  names  of  air, 
ether,  spirit,  breath,  life,  they  never  dreamt  of  making  experi- 
ments upon  it,  with  a  view  to  prove  its  identity  with  grosser 
matter.  And  one  of  the  most  interesting  parts  of  the  history 
of  man's  progress  in  knowledge  is  that  which  tells  how  the 
light  gradually  dawned  upon  this  subject.  Galileo  was  the  first 
to  conclude  that  air  made  a  definite  pressure  upon  things  at  the 
surface  of  the  earth — as  in  forcing  water  into  the  exhausted 
barrel  of  a  common  pump;  Torricelli  and  Pascal  proved  that 
this  was  caused  by  its  weight,  and  even  attempted  to  estimate 
the  height  of  the  aerial  ocean ;  Priestley,  Black,  Lavoisier,  and 
others  discovered  that  air  or  gas  was  of  different  kinds — that, 
for  instance,  one  kind,  called  oxygen,  could  unite  with  a  metal, 
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so  as  to  increase  its  bulk  and  weight,  and  produce  a  com- 
pound of  totally  new  qualities;  and  at  last  chemists  analyzed 
the  atmosphere  itself,  and  proved  it  to  be  a  mixture  of  two  dis- 
tinct substances.  The  nature  of  gases  has  now  been  so  thor- 
oughly investigated  that  they  can  be  manufactured,  measured, 
and  operated  upon  as  readily  as  the  more  palpable  liquids  and 
solids. 

"The  suspicion  being  once  excited  that  air  is  as  much  a 
material  fluid  as  water,  only  less  dense  by  reason  of  a  greater 
separation  and  repulsion  of  the  particles,  it  is  easy  to  confirm 
the  analogy  by  reference  to  familiar  facts.  Thus,  as  a  leathern 
bag  when  opened  out  under  the  surface  of  water  becomes  full, 
and,  if  its  mouth  be  then  tied,  cannot  afterwards  be  pressed 
together;  so  a  bladder,  opened  out  in  air  and  then  closed,  re- 
mains bulky  and  resisting,  and  forms  what  is  called  an  air-pillow. 
The  motion  of  aflat  board  is  resisted  in  water;  the  motion  of  a 
fan  is  resisted  in  air.  Masses  of  wood,  sand,  and  pebbles  are 
rolled  along  or  floated  by  currents  of  water;  chaff,  feathers, 
and  even  rooted  trees  are  6wept  away  by  currents  of  air.  There 
are  mills  driven  by  water;  and  so  there  are  mills  driven  by  the 
wind.  Oil  set  free  under  the  surface  of  water,  or  placed  there 
in  a  bladder,  is  buoyed  up  to  the  surface;  hot  air  or  hydrogen 
gas  placed  in  a  balloon,  is  buoyed  up  in  the  air.  A  fish  moves 
itself  by  its  fins  and  tail  in  water;  a  bird  moves  and  directs  itself 
by  its  wings  and  tail  in  the  air;  and  as  on  emptying  the  water 
•from  a  vessel  in  which  a  fish  swims,  the  creature  falls  to  the 
bottom,  gasps  a  few  moments,  and  dies;  so,  on  exhausting  the 
air  from  a  vessel  in  which  birds  or  butterflies  are  enclosed,  their 
flapping  wings  are  powerless  to  support  them,  and  if  the  experi- 
ment be  continued  they  soon  die." 

153.  Form  not  Fixed. — As  was  the  case  with  liquids,  the  form  ot 
gases  is  not  fixed,  but  is  determined  by  that  of  the  vessel  con- 
taining them.  They  in  this,  and  in  many  other  respects,  re- 
semble liquids,  as  we  have  seen  above.  A  very  good  description 
of  gases  might  be  summed  up  in  the  statement  that  their  char- 
acters and  properties  are  merely  great  exaggerations  of  those  of 
liquids.  Solids  afforded  numerous  special  properties,  in  addition 
to  the  general  characters  which  they  possess  in  common  with 
liquids.  In  gases,  the  variety  of  these  that  we  can  distinguish 
is  greatly  reduced.  As  we  pass  to  rarer  and  rarer  forms  of 
matter,  there  is  greater  and  greater  simplicity  of  properties. 
As  far,  at  least,  as  regards  their  physical  characteristics,  sub- 
stances chemically  different  approach  nearer  and  nearer  to  each 
other.  The  properties  which  were  general  in  solids  and  liquids, 
are  the  chief  ones  presented  by  gases,  but  they  have  become  so 
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exaggerated  that  they  in  reality  are  the  special  properties  of 
this  form  of  matter,  and  as  such  we  shall  treat  of  them. 

154.  Oases  have  Weight. — In  common  with  solids  and  liquids, 
and  notwithstanding  their  exceeding  levity,  gases  possess  weight. 
Of  this  a  demonstration  is  offered  by  direct  experiment.  In 
Fig.  45,  A  represents  a  flask  with  a  capacity 

of  one  hundred  cubic  inches.     The  mouth  Fig.  45. 

is  closed  by  a  stopcock  B.     Attaching  the 

flask  to  one  arm  of  a  balance,  it  is  carefully 

counterpoised.    It  is  then  removed  from  the 

balance,  and  brought  into  connection  with 

an  air  pump  by  the  screw  on  the  stopcock. 

As  water  might  be  pumped  out  of  the  flask, 

so    the    air  is   removed   by  the   air-pump. 

When  the  exhaustion  is  complete,  the  flask 

is  again  attached  to  the  arm  of  the  balance, 

when  it  will  be  found  to  have  lost  weight. 

Adding  sufficient  weight  to  the  lighter,  or 

flask  arm  of  the  balance,  until  equipose  is 

restored,  it  will  be  found  that  about  thirty-  weighing  gas*. 

one  grains  are  required  for  that  purpose. 

One  hundred  cubic  inches  of  air,  therefore,  wTeigh  thirty-one 
grains.  Comparing  air  with  water,  the  latter  is  seven  hundred 
and  seventy-three  times  the  heavier.  Among  themselves  gases 
show  a  far  greater  variation  in  weight  than  either  solids  or 
liquids.  100  cubic  inches  of  hydrogen,  which  is  the  lightest, 
weigh  2.14  grains,  while  100  cubic  inches  of  hydriodic  acid  gas 
weigh  146  grains,  or  a  ratio  extending  from  one  to  sixty-five. 
In  the  case  of  ether  and  mercury,  relatively  one  of  the  lightest 
and  the  heaviest  of  liquids,  the  variation  is  from  one  to  twenty. 
If  we  exclude  mercury  and  confine  it  to  non-metallic  liquids,  of 
which  sulphuric  acid  is  one  of  the  heaviest,  the  proportion  dimin- 
ishes to  about  one  to  a  little  more  than  two.  In  metals  it  is 
greater  than  in  liquids,  the  difference  between  lithium  and  pla- 
tinum being  one  to  thirty-seven.  It  is  true  that  in  the  case  of 
solids,  the  extent  of  variation  might  be  increased  by  comparing 
cork,  or  other  organic  bodies,  with  platinum,  but  that  would 
hardly  be  correct,  since  such  organic  substances  owe  their  light- 
ness chiefly  to  the  air  entrapped  in  their  structure. 

Since  gases  possess  weight,  it  follows  that,  like  fluids,  they 
exert  pressures  within  their  own  volume.  The  amount  and 
character  of  these  pressures  we  shall  examine  later  on. 

155.  Reunite  behind  Dividing  Agent. — Since  all  liquids  are 
visible,  there  is  no  difficulty  in  the  verification  of  this  fact.  The 
invinibility  of  air  and  the  ordinary  gases,  renders  it  more  diffi- 
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cult  of  demonstration.     If,  however,  we  subject  to  experiment 
some  gas  which  is  visible  by  virtue  of  its  color,  we  then  find 

that  gases  possess  this  property  in  a  higher 
degree  than  liquids.  In  demonstration  of 
this  take  a  large  bottle  of  colorless  glass,  A, 
place  in  it  a  beaker  with  some  copper  trim- 
mings, B,  and  on  these  pour  two  or  three 
drachms  of  nitric  acid ;  red  fumes  of  tetroxide 
of  nitrogen  quickly  till  the  vessel.  Then  pass 
into  it  a  rod,  D,  with  a  circular  disk,  C, 
attached  to  its  extremity.  No  matter  how 
quickly  the  disk  is  made  to  traverse  across 
the  jar,  the  red  gas  closes  in  behind  it  in- 
stantly, even  though  the  disk  is  moved  with 
the  flat  surface  forward.  Now  pass  the  disk 
through  water  in  the  same  manner,  flat  sur- 
face forward,  though  the  water  closes  behind 
it  there  is  a  short  distance  where  no  water  is  present.  We  thus 
find  how  much  more  perfect  the  property  of  reuniting  is  in  a 
gas  than  in  a  liquid. 

Though  we  cannot  see  this  movement  of  closure  in  air  ou 
account  of  its  invisibility,  it  is  very  apparent  when  sufficient 
velocity  is  given  to  the  dividing  body.  A  rifle-shot,  for  example, 
in  its  passage  emits  a  peculiar  noise  caused  by  the  clashing 
together  of  the  air  in  the  track  the  shot  lias  ploughed  through 
that  medium.  Even  so  impalpable  a  body  as  lightning,  in  its 
passage  through  the  atmosphere,  gives  evidence  of  the  same 
tact;  the  thunder  that  attends  it  being  produced  by  the  violent 
closure  of  the  air  it  has  divided  in  its  course. 
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156.  Hypothetical  Constitution  of  Oases. — The  Kinetic  (*n«u,  to 
move)  theory  of  Clausius,  as  stated  by  Crookcs,  is  as  follows: 

"  In  gases  the  molecules  fly  about  in  every  conceivable 
direction  with  constant  collision  and  enormous  and  constantly 
varying  velocities,  and  their  mean  free  path  is  sufficiently  great 
to  release  them  from  the  force  of  cohesion.  Being  free  to  move, 
the  molecules  exert  pressure  in  all  directions,  and  were  it  not 
for  gravitation  they  would  fly  oif  into  space.  The  gaseous  state 
remains  so  lomj  as  the  collisions  continue  to  be  almost  infinite 
in  number  and  of  inconceivable  irreifularitv.  The  state  of 
gaseity,  therefore,  is  preeminently  a  state  dependent  on  colli- 
sions. A  given  space  contains  millions  of  millions  of  molecules 
in  rapid  movement  in  all  directions,  each  molecule  having 
millions  of  encounters  in  a  second.  In  such  a  case  the  length 
of  the  mean  free  path  of  the  molecules  is  exceedingly  small, 
compared  with  the  dimensions  of  the  containing  vessel,  and  the 
properties  which  constitute  the  ordinary  gaseous  stnte  of  matter 
which  depend  upon  constant  collisions  are  observed." 
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In  solids,  as  we  have  seen,  the  cohesive  or  attractive  force  is 
in  excess  of  the  repellant;  in  liquids  these  two  forces  are  nearly 
evenly  balanced ;  in  gases  the  repellant  is  enormously  in  excess 
of  the  attractive  force,  so  that  gases  may  be  said  to  possess 
scarcely  any  cohesive  force  at  all. 

157.  Vapors. — Gases  like  hydrogen  and  oxygen  were  formerly 
thought  to  be  permanently  gaseous  in  their  nature.  No  pressure 
or  intensity  of  cold  to  which  they  could  be  submitted  possessed 
the  power  of  changing  their  state.  Improvements  in  the  methods 
of  manipulation  have,  however,  shown  that  the  most  refractory 
erases  may  be  compelled  to  assume  the  liquid  and  even  the  solid 
form.  The  old  division  of  this  group  of  bodies  into  permanent 
gases  and  vapors,  therefore,  no  longer  actually  exists;  never- 
theless, the  convenience  attending  its  use  is  such  that  it  will 
doubtless  be  retained  for  some  time. 

A  gas  may,  therefore,  be  defined  as  an  aerial  body  which  cannot  be 
easily  forced  to  assume  the  liquid  state. 

A  vapory  on  the  contrary,  is  an  aerial  body  which  may  be  easily  made 
to  asswne  the  liquid  state  by  moderate  redaction  of  temperature  or 
increase  of  pressure. 

Under  these  definitions,  bodies  like  hydrogen,  oxygen,  car- 
bonic acid,  are  dealt  with  as  gases,  while  steam  is  a  vapor. 

As  the  temperature  of  a  vapor  approaches  the  point  at  wThich 
it  tends  to  assume  the  liquid  state,  it  does  not  contract  and 
expand  regularly.  At  a  certain  distance  from  this  point  all 
vapors  obey  the  laws  of  contraction  and  expansions  for  gases. 
When,  therefore,  their  specific  gravity  or  other  important  prop- 
erty is  to  be  determined,  it  should  be  at  a  sufficient  distance  from 
their  point  of  liquefaction  to  insure  accuracy  in  the  results. 

158.  Determination  of  Density. — The  method  is  essentially  the 
same  as  that  for  the  determination  of  density  of  liquids  by  the 
Hpecific  gravity  bottle.  The  great  variations  which  the  volume 
of  a  gas  undergoes  from  slight  causes,  require  a  number  of  cor- 
rections to  be  made  in  carrying  out  the  process  as  thus  simply 
stated.  By  the  method  of  Regnault  some  of  these  may  be 
avoided.  It  may  be  briefly  described  as  follows :  Two  globes  of 
thin  glass  of  the  same  size  and  about  a  gallon  in  capacity  are 
taken.  One  of  these  is  hermetically  sealed,  and  suspended 
from  one  arm  of  the  balance.  It  acts  as  a  volume  counterpoise 
to  the  other  globe  which  is  to  be  employed  for  experimentation. 
Since  both  globes  will  expand  and  contract  at  the  same  rate 
under  variations  of  temperature  and  pressure,  their  changes 
will  balance  each  other,  and  these  sources  of  error  are  conse- 
quently eliminated  from  the  operation. 

The  experimental  globe  is  filled  with  air  or  with  the  gas  at 
zero  centigrade,  the  melting  point  of  ice.     This  is  done  by 
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placing  it  in  a  vessel  of  ice,  then  by  means  of  a  three-way  cock 
it  may  he  connected  either  with  an  air-pump  or  with  vessels 
holding  purified  air  or  gas. 

The  weight  of  the  empty  globe  is  first  determined,  the  air 
having  been  removed  by  as  perfect  an  exhaustion  as  possible. 
Air  which  has  been  purified  by  passing  it  through  tubes  con- 
taining suitable  reagents  and  dried  by  tubes  of  sulphuric  acid 
and  chloride  of  calcium,  is  then  passed  into  the  empty  globe 
until  the  interior  and  exterior  pressures  are  equal.  All  exterior 
moisture  is  carefully  removed,  and  it  is  then  weighed.  The 
increase  represents  the  weight  of  air  it  contains  at  0°  C.  and 
the  then  prevailing  barometric  pressure. 

Again  the  globe  is  placed  in  the  ice  and  exhausted.  The  gas 
to  be  examined  is  introduced  after  proper  purification  and 
drying.  To  insure  removal  of  the  last  traces  of  air,  the  globe 
is  connected  with  the  air-pump  and  the  gas  removed  by  exhaus- 
tion. In  this  manner  the  last  traces  of  air  are,  as  it  were, 
washed  out,  and  it  is  weighed.  It  is  then  refilled  with  the  dried 
gas,  removed  from  the  ice  bath,  the  exterior  carefully  dried,  and 
weighed.  The  increase  in  weight  represents  the  weight  of  the 
gas  at  0°  C.  and  the  prevailing  pressure.  From  these  data  the 
specific  gravity  of  the  gas  may  be  computed  in  the  same  way  as 
for  solids  and  liquids.  All  results  are  reduced  to  the  pressure 
of  760  millimetres,  and  temperature  of  0°  C. 

159.  Relations  of  Density  to  Combining  Equivalent  in  Oases. — The 

determination  of  the  correct  densities  of  gases  and  vapors  is  of 
the  utmost  importance  on  account  of  the  close  relationship 
existing  between  the  specific  gravities  and  the  atomic  or  the 
molecular  weights  of  these  bodies. 

When  a  table  of  densities  is  constructed  with  hydrogen  as  its 
basis,  this  relationship  is  at  once  evident,  as  will  be  seen  below, 
the  figures  either  being  identical  or  multiples  of  each  other. 
The  fact  of  this  relationship  of  specific  gravities  and  atomic 
weights,  or  combining  equivalents  to  each  other,  has  enabled 
chemists  to  make  more  accurate  estimations  of  the  combining 
equivalents  of  many  elementary  substances. 

SuUt  im«-  Molecular        Molecular      Atomic         Sp.  jrr.  Sp.  rt. 

'  formula.  weight,        weight.  II— 1.  air— I. 

Hydrogen                      H2  2  1  1  .0«i9 

Chlorine  .     Cl2  71  3."i.5          35.5  2.4»iO 

Oxygen  .  .     <>2  32  10             16  1.108 

Nitrogen  .     N2  2*  14             14  .970 

Sti-am      .                        H./>  IS  9  .f>2o 

Atniimriiii  kik.               ^H3  17  8.5  ./>K9 

<'>irlfiii(?  will  giis  .     ^'V*  44  22  1..VJ4 

Alcohol  vnjMir  .     C,ll6<>  4»>  .  .            23 


1  «V.»3 
1.000 

2  .V>7 
Chk>rufY>rm  vapor   .     CIlO'l,           110.6(?)                    60.5(7)       4.181 


Air  14.44  1.1100 

Kthf-r  v:i|n»r    .  <\H|.i(>  74  ..  37  2  .V>7 


GENERAL    AND    SPECIAL    PROPERTIES    OF    GASES.      141 


160.  Compressibility. — Take  an  ordinary  syringe,  consisting  of 
the  cylinder  or  barrel  A,  in  which  the  piston  C  moves  without 
leakage.  Close  the  outlet  13  with  a  plug  of  wax  or 
a  cork,  or  even  with  the  finger.  Between  the  piston 
C  and  the  outlet  B  a  column  of  air  will  then  be 
enclosed.  On  applying  pressure  to  the  piston  by 
its  rod  at  D,  this  column  of  enclosed  air  will  be 
with  ease  reduced  in  volume,  as  is  the  case  with 
liquids;  therefore,  gases  are  compressible.  They, 
however,  differ  in  this:  that  whereas  water,  the  type 
of  fluids,  shrinks  one-twenty  thousandth  of  its  volume 
for  an  atmosphere  of  pressure,  air  diminishes  to 
one-half. 


\ 


Compressibility 
of  gas. 
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161^  Expansibility. — The  wonderful  compressibility 
of  gases,  of  which  evidence  bas  been  given  in  the 
last  article,  would  naturally  lead  us  to  expect  a 
parallel  extent  of  expansion  on  diminution  of  pres- 
sure. That  this  is  the  case  is  shown  by  the  experi- 
ment (l!«). 

The  expansibility  of  gases  is  one  of  their  leading 
peculiarities.     It  may  be  said  to  be  almost  infinite,  for  a  gas 
will  fill  a  space  of  any  size  we  offer  it. 

162.  Elastic  Force  of  Oases  is  in  reality  another  term  applied  to 
expansibility.  If  a  small  rubber  sack,  A,  be  partly  filled  with 
air,  its  mouth  tightly  closed,  and  placed  on  the 
air-pump  plate  under  a  bell-jar,  B,  on  exhausting 
the  air  from  the  bell  the  rubber  bag  expands 
until  it  occupies  the  space  represented  by  the 
dotted  line,  and  may  even  be  made  to  appear  to 
fill  the  entire  jar. 

The  rationale  of  the  action  is  as  follows: 
According  to  the  kinetic  theory  of  gases  (156), 
their  molecules  are  flying  about  in  all  directions; 
they  are,  therefore,  battering  and  pressing 
against  the  interior  walls  of  the  bag.  So  long 
as  the  pressure  of  the  air  is  not  removed,  it 
counterbalances  the  pressure  in  the  interior  of 
the  bag.  The  moment  the  exterior  pressure  on 
the  sack  is  removed,  the  interior  pressure  becomes  evident,  and 
expansion  is  the  result;  this  continues  until  the  interior  and 
exterior  pressures  are  again  in  equilibrio. 

An  interesting  illustration  of  expansion  may  be  performed 
with  an  egg.  In  the  large  end  of  an  egg  there  is  a  bubble 
of  air.  A  small  opening  is  made  in  the  narrow  end  of  the  egg 
and   it   is  stood  in  a  wineglass   under  an   air   receiver.      On 
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exhausting  the  receiver,  the  contents  of  the  egg  pass  out  into 
the  wineglass,  being  expelled  from  the  shell  by  the  elastic  force 
of  the  bubble  of  air  at  the  wide  end.  Restoring  the  pressure  of 
the  air  the  contents  of  the  egg  are  returned  to  its  shell. 

This  elastic  force  of  gases,  which  is  perhaps  their  most  charac- 
teristic property,  has  caused  them  to  pass  under  the  name  of 
elastic  fluids,  in  contradistinction  to  ordinary  fluids  like  water. 
It  is  not  to  be  confounded  with  the  elasticity  which  gases 
possess  in  common  with  liquids  proper. 

163.  Elasticity  refers  to  the  power  of  returning  to  original 
volume  when  the  cause  of  disturbance  is  removed  and  the 
original  conditions  restored.  Both  gases  and  liquids  possess 
this  property  in  a  marked  degree.  Indeed,  it  may  be  said 
to  be  absolute,  and  the  direct  consequence  in  both  cases  of  the 
mobility  of  their  molecules. 

The  experimental  demonstration  of  the  elasticity  of  gases 
may  be  derived  from  the  arrangement  employed  in  article  160, 
for  on  removing  the  pressure  on  the  piston  it  at  once  returns  to 
its  original  position.  In  like  maimer,  articles  161  and  162  both 
furnish  evidence  of  this  fact,  though  in  a  different  way,  the 
return  to  original  volume  in  this  case  being  produced  by  restora- 
tion of  original  pressure. 

Owing  to  the  elasticity  of  gases  pressure  may  be  suddenly 
transmitted  through  them  to  considerable  distances.  An  illus- 
tration of  this  fact  may  be  shown  by  suddenly  increasing  the 
pressure  in  the  gas-pipes  of  a  building,  as  by  blowing  into  them 
the  lights  are  all  immediately  extinguished.  A  method  of 
telegraphy  founded  on  this  property  of  the  air,  is  now  employed 
in  the  transmission  of  signals  on  ships.  Its  great  advantage  is 
its  certainty,  since  it  is  less  liable  to  get  out  of  order  than  other 
methods  of  signalling.  The  tambours  of  Marey  are  also  based 
on  this  property  of  air. 
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CHAPTER    XII. 

PNEUMATIC  APPARATUS. 

Generation  of  gases — Collection  at  pneumatic  trough — Pouring — Faraday's 
tube  receiver — Gases  arrange  themselves  according  to  density — Collecting 
gases  by  displacement — Washing  and  drying  gases — The  aspirator — Com- 
pression air-pump— Life  and  condensed  air — Exhaustion  air-pump — Life  and 
rarefied  air — Mercury  pump — Bunsen's  filter  pump — Limit  of  vacuum — 
Vacua  by  chemical  agents. 

164.  Generation  of  Oases. — The  demonstration  of  many  of  the 

t>hysical  properties  of  gases  requires  that  we  should  have  at 
land  one  lighter  and  one  heavier  than  air.  For  the  first,  hydro- 
gen will  answer ;  for  the  second,  carbonic  acid  gas.  As  a  rule, 
gases  are  generated  either  by  the  action  of  heat  on  certain  sub- 
stances placed  in  glass  retorts,  or  by  the  action  of  acids  on 
suitable  materials.  In  either  case,  the  methods  of  collection, 
storage,  and  manipulation  are  the  same. 

For  ordinary  purposes  of  experiment  the  simple  apparatus 
shown  in  the  figure  may  be  used  for  the  generation  of  hydro- 
gen or  carbonic  acid.    It  consists  of  a  bottle,  A,  with  a  tolerably 
wide  mouth,  B,  closed  by  a  rubber  or  cork 
stopper,  which  fits  air-tight;  this  is  the  de-  Fio.  49. 

composition  bottle.  Through  the  stopper  a 
tube  passes  to  the  bottom  of  the  bottle,  and 
terminates  above  in  a  funnel-like  expansion, 
C.  This  is  called  the  supply  tube,  by  it  the 
acid  is  to  be  added  as  required.  A  second 
tube,  D,  bent  in  the  manner  shown,  also 
pierces  the  stopper,  through  which  it  just 
passes.  By  it  the  gas  escapes  as  fast  as  it  is 
generated.  It  is,  therefore,  called  the  escape 
tube,  and  serves  to  convey  the  gas  to  the  ap-  A 
pa  rat  us  for  collection. 

For  the  generation  of  carbonic  acid  gas,  a 
few  fragments  of  Italian  marble  or  of  chalk         lhH -«t"i— -hi-m  «**. 
are  placed  in   the  bottle,  enough   water  is 
added  to  cover  them,  the  stopper  is  then  put  in  position,  when 
the  lower  end  of  the  supply  tube  should  dip  under  the  surface 
of  the  water.     Sulphuric  acid  is  then  added,  a  little  at  a  time, 
by  the  supply  tube.     As  it  reaches  the  water  and  comes  in  con- 
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tact  with  the  marble,  effervescence  is  produced,  carbonic  acid 
gas  being  evolved.  It  passes  off  by  the  escape  tube.  When 
the  effervescence  decreases  in  vigor,  more  of  the  acid  is  to  be 
added  by  the  supply  tube.  At  the  beginning  of  the  operation, 
the  bottle  is  filled  with  air,  it  therefore  follows  that  if  wu  de- 
sire to  obtain  the  carbonic  acid  comparatively  pure,  enough  must 
be  allowed  to  pass  off  to  expel  all  the  air  from  the  bottle.  A 
quantity  twice  the  capacity  of  the  bottle  will  answer. 

If  hydrogen  is  to  be  made,  the  apparatus  is  emptied,  cleansed, 
and  strips  of  zinc  are  substituted  for  the  marble.  The  re- 
mainder of  the  operation  is  conducted  in  the  same  way  as  for 
carbonic  acid  gas.  As  hydrogen  is  lighter  than  air,  it  is  neces- 
sary to  use  a  larger  quantity  in  the  removal  of  the  air  from  the 
bottle.  About  three  or  four  times  its  volume  are  generally  re- 
quired. Great  care  must  also  be  taken  not  to  allow  a  flame  to 
come  in  contact  with  the  mixture  of  air  and  hydrogen,  as  it 
escapes  from  the  tube  D,  or  an  explosion  attended  by  serious 
consequences  may  occur. 

165.  The  Pneumatic  Trough. — The  collection  of  gases  may  be 
conducted  in  three  ways.  1st.  By  reception  in  an  exhausted 
vessel,  as  described  in  the  method  for  taking  specific  gravity. 
2d.  By  collection  over  a  liquid.  3d.  By  displacement  of  air. 
For  tiie  second  method  the  apparatus  known  as- the  pneumatic 
trough  is  required.      It  consists  of  a  water-tight   box,  A  A, 

represented  in  section  in  Fig.  50. 
The  side  and  half  way  across  is  oc- 
cupied by  the  shelf  B,  on  which  the 
bell-jar  C  stands.  The  remainder  of 
the  trough,  W,  is  called  the  well. 
Sufficient  water  is  poured  into  the 
trough  to  fill  the  well  entirely,  and 
also  to  cover  the  shelf  to  a  depth  of 
a  couple  of  inches. 

When  a  gas  is  to  be  collected,  ajar 
is  filled  with  water  in  the  well,  it  is 
then  turned  with  the  mouth  down, 
and  without  allowing  the  mouth  to 
rise  above  the  water,  it  is  placed  on  the  shelf,  as  is  shown  in  the 
figure.  Thus  arranged,  the  jar  remains  tilled  with  water,  and 
if  it  has  been  properly  tilled  is  free  from  air,  except  so  far  as 
any  may  be  dissolved  in  the  water.  The  cause  of  the  suspen- 
sion of  the  water  in  the  jar  is,  as  we  shall  find  hereafter,  the 
pressure  of  the  atmosphere  upon  the  surface  of  the  water  in  the 
tank. 

The  collection  of  the  gas  from  the  generation  vessel  is  now 
accomplished  by  merely  passing  its  escape  tube,  D,  under  the 
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mouth  of"  the  bell-jar,  as  it  rests  on  the  shelf  of  the  trough. 
The  gas  bubbles  rising  through  the  water  accumulate  in  the 
jar  without  mingling  with  the  air,  and  the  operation  is  con- 
tinued until  the  jar  is  filled.  The  delivery  tube  is  then  placed 
under  the  mouth  of  a  second  jar,  and  the  collection  continued 
in  the  same  manner. 

When  the  gas  to  be  collected  is  very  soluble  in  water,  as  for 
instance  ammonia  gas,  mercury  may  be  substituted  for  water. 
In  this  case,  the  apparatus  must  be  much  smaller  and  much 
stronger,  on  account  of  the  great  expense  and  weight  of  that 
liquid.  The  tube  apparatus  is  very  convenient  for  this  purpose 
(167). 

166.  Pouring  Gases  at  the  Trough.  —  The  pneumatic  trough 
also  enables  ub  to  manipulate  gases  in  almost  any  manner  that 
we  may  desire.  Suppose  that  it  is  required  to  transfer  a  meas- 
ured portion  of  gas  to  another  jar,  the 

operation  is  conducted  as  shown  in  the  FlQ-  B1- 

figure  at  A.     A  small  graduated  bell  is        A 
tilled  with  water,  and  held  in  the  posi-  IB 

tion  shown  at  A,  with  its  mouth  under       ta     Aft 
the  water  in  the  trough.    The  large  bell       II    tin 
containing  the   supply  of  gas  is  then      1(1 — -wV  -r "^      J 
immersed    completely    and     its    mouth 
inclined  under  that  of  the   small    bell 
until    the   gas   passes    in    bubbles   from        s*  -a 

the  larger  to  the  smaller  jar.     This  up- 
side down  pouring  through  water  is  con-  P„nriBg ^ 
tinued  until  the  line  of  the  gas  in  the 

small  bell  coincides  with  the  desired  line  of  the  scale  marked 
thereon. 

If  the  gas  is  to  be  measured  in  a  narrow  bell,  a  funnel  may 
be  used  to  facilitate  the  filling  of  the  tube,  as  it  would  be  to 
assist  in  filling  it  with  fluid.  The  only  difference  is  that  in  this 
iiue  the  operation  is  reversed  or  upside  down,  as  is  shown  at  B 
in  the  figure. 

167.  Faraday's  Tube  Receiver. — Gases  may  be  experimented 
with  on  the  small  scale  by  the  instrument  known  as  the  tube 
receiver  of  Faraday.  It  consists  of  a  test-tube  about  ten  inches 
in  length  and  three-fourths  of  an  inch  in  diameter.  This  is 
bent  in  the  manner  shown  at  A  B  in  Kig  52.  The  whole 
length  of  the  tube  is  filled  with  water.  It  is  then  suspended 
with  the  closed  end  upwards.  The  air  pressing  on  the  sur- 
face of  the  water  in  the  open  end  A  of  tne  short  arm,  retains 
the  fluid  in  position  in  the  long  arm  B.  Passing  the  delivery 
tube  D  of  a  gas  generator  into  the  short  arm  to  the  bend,  as  fast 
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Fig.  62 


B 


as  the  gas  is  evolved  the  bubbles  pass  into  the  long  arm  and  are 
collected  at  B,  the  displaced  water  dropping  into  C. 

The  short  arm  of  this  arrangement  may  be  used  as  an  experi- 
mental vessel,  while  the  long  arm  serves  as  a  reservoir.     The 

manipulation  in  this  case  consists  in  filling  A 
completely  full  of  water.  The  mouth  of  A  is 
then  closed  with  the  thumb,  and  the  apparatus 

Lso  inclined  as  to  fill  the  short  arm  with  the  gas 
collected    in   the    long   arm.      Uncovering   the 
mouth  of  A,  by  removing  the  thumb,  a  piece 
of  wood  bearing  a  spark,  or  paper  imbued  with 
any  liquid  test,    may  be  applied    to  the    gas   it 
contains.     For  a  second  examination  the  short 
arm  is  again  filled  with  water;  the  gas  it  contains 
is  thus  displaced.    It  is  then  closed  by  the  thumb, 
D      and  the  apparatus  inclined  to  fill  A  with  a  second 
charge  of  gas,  to  which  some  other  test,  as  paper 
moistened    with   a   lead  salt,  may   be   applied. 
Thus  test  after  test  may  be  applied,  until  the 
gaseous  contents  of  the  instrument  are  consumed. 
Many  examples  of  this  form  of  apparatus  are 
offered  in  utensils  or  articles  in  common   daily 
use,   though    in    these    cases    it    is    generally 
water  rather  than  gas  that  is  stored.    Among 
such  examples  we  may  mention  the  water   tube   of  Mason's 
hygrometer;  the  bottles  for  holding  ink, gum,  and  for  the  water 

supply  of  bird-cages.  The  supply 
tan  k  of  many  lamps  is  also  constructed 
on  this  plan. 


B 


Faraday's  tnbe 
receiver. 


Fig.  53. 


168.  Gases  Arrange  Themselves  Ac- 
cording to  Density. — As  is  the  case 
with  liquids,  gases  show  a  tendency 
to  arrange  themselves  according  to 
their  specific  gravity,  the  lighter 
floating  on  the  heavier.  That  this  is 
the  case  is  demonstrated  by  the  ex- 
periment delineated  in  Fig.  58,  in 
which  A  is  a  large  jar  tilled"  with  air, 
and  B  a  small  one  containing  car- 
bonic acid.  Inclining  the  mouth  ot 
1$  over  that  of  A,  and  manipulating 
the  jar  exactly  as  though  water  were 
being  poured  from  the  smaller  to  the  larger,  the  carbonic  acid 
gas  will  flow  from  13  into  A.  That  this  has  really  happened  is 
readily   proved    by    examining  the    contents    of  the  jars  with 
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a  candle-flame  C,  when  it  will  be  found  that  it  is  extinguished 
in  A  when  it  reaches  a  certain  depth,  and  continues  to  burn  in 
IJ.  Since  carbonic  acid  gas  does  not  support  combustion,  it  is 
shown  that  it  has  flowed  from  B  into  A  on  account  of  its  weight, 
and  has  expelled  the  lighter  air  from  the  jar. 

Fig.  54  represents  another  form  of  the   same   experiment. 
A  B  is  a  trough  six  feet  in  length,  with  sides  six  inches  high. 

Fig.  54. 


AIM 


Weight  of  carNniic  acid  |nu< 

A  row  of  candles  is  placed  along  the  bottom  about  a  foot  apart. 
The  trough  is  inclined  with  one  end,  A,  resting  on  the  floor 
and  the  other,  B,  supported  on  a  stool.  The  candles  being 
lighted,  a  large  jar  of  carbonic  acid,  C,  is  poured  into  the  trough 
at  its  upper  end.  The  gas  at  once  passes  down  the  trough  as 
water  would  do,  putting  out  the  flames  in  its  course,  and  spread- 
invr  on  the  floor  extinguishes  other  flames  that  mav  be  within  its 
reach. 

This  tendency  of  carbonic  acid  to  collect  in  low  places  is  at 
times  the  cause  of  loss  of  life.  In  mines,  caves,  and  wells,  it 
not  unfrequently  happens  with  disastrous  results.  In  breweries 
also,  where  it  is  generated  in  large  quantities  during  the  process 
of  fermentation,  it  often  accumulates  to  such  an  extent  in  the 
vats  that  workmen  have  lost  their  lives  by  breathing  its  poison- 
ous fumes. 

If  an  attempt  is  made  to  repeat  the  experiment  shown  in 
Fig.  53  with  hydrogen  gas,  it  will  be  found  that  the  vessel  A 
does  not  contain  a  trace  of  that  gas.  To  determine  what  has 
become  of  it,  let  the  experiment  be  repeated  with  the  vessels 
arranged  as  shown  in  Fig.  55,  in  which  A  is  suspended  mouth 
downwards,  and  B  is  brought  alongside,  in  the  position  shown 
by  the  dotted  lines,  and  then  gradually  tilted  to  the  horizontal, 
(in  examining  A  with  a  candle-flame  0,  an  explosion  will  result, 
showing  that  the  hydrogen  has  by  its  inferior  specific  gravity 
floated  upwards  into  the  jar  A,  and  displaced  the  air  with  which 
it  was  filled. 

In  these  experiments  the  hydrogen  and  carbonic  acid  gas 
retain  their  positions  for  only  a  short  time.     By  degrees  either 
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of  these  pases  intermingles  with  the  air,  hy  virtue  of  the  process 
called  diffusion.  This  we  shall  study  hereafter  in  connection 
with  other  forces. 


Fig.  55. 
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169.  Collection  of  Oases  by  Displacement. — The  experiments  we 
have  described  explain  the  third  method  by  which  gases  may  be 
collected.  This  is  known  as  the  method  by  displacement.  If 
the  gas  is  lighter  than  air,  the  jar  in  which  it  is  to  be  collected 
is  suspended  in  the  manner  shown  at  A,  Fig.  06;  the  delivery 
tube  1)  is  then  passed  to  the  upper  part  of  the  jar.  The  gas  as 
it  accumulates  in  the  jar  displaces  the  air,  until  finally  it  is  com- 
pletely expelled. 

If  the  gas  is  heavier  than  air,  the  jar  is  then  arranged  as  is 
shown  at  B,  Fig.  5t>,  with  its  mouth  upwards,  and  the  delivery 
tube  I)  passes  to  the  bottom.  The  mouth  of  the  jar  may  be 
closed  by  a  sheet  of  glass  or  paper,  (\ 

The  method  by  displacement  is  especially  applicable  to  the 
collection  of  gases  like  ammonia  or  hydrochloric  acid,  which 
are  very  soluble  in  water.  They  cannot  be  obtained  quite  free 
from  contamination  with  air,  on  account  of  the  tendenev  to 
diffusion  of  which  we  have  spoken :  but  thev  mav  be  thus  col- 
lected  for  purposes  of  examining  or  demonstrating  their  leading 
properties. 

170.  Washing  and  Drying  Gases. — The  separation  of  gases  from 
finelv  divided  solid  matter,  or  from  fluid  or  aerial  substances 
with  which  thev  mav  be  contaminated,  is  accomplished  bv 
means  of  the  washing  bottle  and  drving  tubes. 

The  washing  bottle  consists  of  a  wide-mouthed  bottle,  A. 
The  mouth  is  closed  by  a  cork,  through  this  a  tube,  II,  passes  to 
the  bottom  of  the  bottle.  It  may  be  the  continuation  of  the 
delivery  tube  of  a  gas  generator,  or  it  may  be  connected  there- 
with by  a  piece  of  rubber  tube.  In  the  bottle  A,  water  is 
placed,  through  this  the  gas  is  obliged  to  pass  in  bubbles,  these 
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are  submitted  to  the  action  of  the  water,  and  any  dust-like 
particles,  vaporous  mist  of  acid,  or  other  impurity  is  washed 
out.  By  the  use  of  a  suitable  liquid  in  the  washing  bottle,  any 
gas  soluble  in  such  liquid  may  be  separated  from  one  which  is 
insoluble,  and  a  purified  gas  obtained. 

In  place  of  a  bottle,  a  tube  of  the  shape  delineated  at  C  may 
be  used.  It  is  called  a  U  tube.  The  bend  of  the  tube  is  to  be 
occupied  by  the  liquid,  when  it  is  UBed  for 
the  purpose  in  question.  In  Fig.  57,  the 
lT  tube  and  bottle  are  combined.  Various 
modifications  of  this  tube  are  employed. 
Among  these  we  may  mention  Liebig's 
carbonic  acid  bulbs  and  the  ammonia  tube. 

For  the  purpose  of  drying  gases,  the 
I*  tube  is  tilled  with  pumice  which  lias 
been  heated  red  hot  to  expel  all  moisture, 
and  then  soaked  in  sulphuric  acid ;  it  is 
shown  at  C.  Sometimes  it  is  tilled  with 
solid  porous  chloride  of  calcium.  Either  of  these  substances  lias 
an  intense  affinity  for  water,  and  will  abstract  it  from  gases  as 
thev  pass  over  or  through  them. 

The  proper  conduction  of  these  washing  and  drying  opera- 
tions requires  that  the  gas  should  pass  slowly,  otherwise  the 
action  is  only  partial.  To  secure  complete  action,  a  number  of 
Imttles  or  tubes  should  be  employed,  and  the  incomplete  action 
lit"  the  first  supplemented  by  that  of  others. 

171.  The  Aspirator  is  an  apparatus  used  for  drawing  air  or 
other  gases  through  systems  of  tubes  or  bottles,  in  which  they 
may  be  submitted  to  the  action  of  various  reagents.  It  consists 
of  a  large  bottle,  A,  with  a  capacity  of  a  gallon  or  more.  It  is 
to  be  filled  with  water.  On  opening  the  stopcock  at  U,  the  water 
flows  out  into  0.  As  the  water  passes  out, 
air  enters  at  the  mouth  of  the  bottle.    The  Fio.  w. 

mouth  is  closed  by  the  cork  A,  through 
which  a  tube  passes.  If  this  is  brought  in 
communication  with  a  U  tube,  as  repre- 
sented at  D,  the  air  in  its  course  will  be 
drawn  through  I),  and  submitted  to  the  ac- 
tion of  any  agentstbat  may  be  placed  therein. 

The  aspirator  is  used  in  the  examination 
iif  air.  It  is  also  of  service  in  ultimate 
organic  analysis,  tor  the  purpose  of  with- 
drawing the  last  traces  of  gas  from  the 
combustion  tube  and  other  parts  of  the  ap-  a-h™*™. 

paratus. 

For  its  action  this  instrument  depends  upon  the  pressure  of 
the  air,  which  forces  its  wav  into  the  bottle  as  the  water  runs 
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oat.  If  the  train  of  tubes  through  which  the  air  must  pass  to 
reach  the  aspirator  bottle  contain  much  liquid,  it  may  be  neces- 
sary to  attach  a  vertical  tube  one  or  two  feet  in  length  to  the 
stopcock  B.  A  long  column  of  water  being  thus  called  into 
action,  the  pressure  will  be  increased  and  the  resistance  over- 
come.    See  (1-3). 

172.  The  Compression  Air-pump. — It  is  necessarr  for  the  ex- 
amination of  the  properties  of  air  and  other  gases  that  we  should 
describe  the  forms  of  pumps  employed  for  purposes  of  com- 
pression and  exhaustion.  The  compression  pump  resembles  an 
ordinary  force  pump  in  its  structure  and  action  (143).  In  Fig. 
5!>,  A  is  the  solid  piston  moving  in 
Fio.  59.  the  cylinder  A  B.     Below  A,  a  lateral 

tube  with  a  conical  valve  opening 
towards  the  cylinder  gives  ingress  to 
air  or  other  gas  which  is  to  be  made 
the  subject  of  experiment.  At  C  there 
is  another  tube,  also  closed  hv  a  valve 
which  opens  outwards  from  the  cylin- 
der, and  gives  egress  to  the  gas  when 
the  piston  is  forced  downwards.  Each 
upward  movement  of  the  piston  draws 
gas  in  through  V,  while  the  down- 
ward movement  forces  it  out  through 
V;  the  valves  in  each  case  preventing 

iVarr»nrti.lrTulr.  its  retUril. 

The  bell-jar  is  represented  at  D.  It 
is  a  cylinder  of  thick  glass  capable  of  resisting  three  or  four 
atmospheres  of  pressure.  The  upper  and  lower  edges  of  the 
cylinder  are  ground  and  fitted  air-tight  to  plates  of  brass.  E  and 
t.  Metallic  rods,  as  shown  at  E  and  F,  pass  from  one  plate  to 
the  other.  By  the  aid  of  the  screw  threads  and  lints  in  which 
these  terminate,  the  metallic  plutes  arc  held  firmly  in  position. 

There  are  many  applications  of  compression  which  are  of 
interest.  Among  these  is  the  air-gun.  In  this  apparatus  air  is 
comjircs-cd  in  a  reservoir,  from  which  it  is  allowed  to  escape 
suddenly  into  a  gun-l-arrel  charged  with  a  bullet.  The  profi- 
ling force  of  some  of  these  instruments  almost  rivals  that  of 
gunpowder.  They  make  less  report  than  firearms,  ami  as  there 
is  no  smoke  or  flash,  their  use  is  not  as  easily  detected  as  that  of 
an  ordinary  gun  or  pistol. 

AiiotIiii'  application  of  the  elastic  tone  of  compressed  air  is 
in  the  iMii-t ruction  of  the  condensing  chambers  of  force  pumps, 
tire-t-tigiuc.  and  hydraulic  rams.  The  condensing  chamber 
.rt'the  intermittent  action  of  the  pump  into  a 
It  consists  of  a   stout   metallic  chamber,  A. 
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Through  the  top  of  this  a  metallic  tube  passes  nearly  to  the 

bottom.    By  means  of  a  tube,  B,  which  opens  into  the  bottom, 

water  is  admitted  at  each  stroke  of  the  pump.     The  return 

of  the  water  from  the  chamber  is  prevented 

by  a  valve  which  is  placed  at  the  opening 

of  this  tube.     Between  the  lower  end  of  the 

tube  C  and  the  top  of  the  chamber  A,  t 

mospheric  air  is  entrapped.    At  each  stroke 

of  the  pump  this  air  shrinks  in  volume, 

receiving  the  blow  delivered  by  the  piston. 

While  the  piston  is  making  its  return  stroke, 

the  compressed  air  exerts  its  elastic  force  and 

keeps  a  continuous  Btream  flowing  from  the 

upper  or  open  termination  of  the  tube  C. 

173.  Life  and  Condensed  Air. — In  the  air- 
bell  of  the  compression  pump  we  may  study 
the  effects  of  condensed  air  or  other  gas 
upon  the  respiratory  function  of  small  r„„.i.,..;,.e dmi» 
animals.  The  extensive  use  of  the  diving-bell 
and  caisson  in  certain  engineering  operations,  as  the  construction 
of  the  piers  of  bridges  at  great  depths  under  water,  the  recovery 
-of  treasure  or  a  valuable  cargo  from  sunken  ships,  render  the 
study  of  this  subject  a  matter  of  importance.  In  certain  diseases 
also  the  respiration  of  condensed  air  has  proved  to  be  a  valuable 
remedial  agent. 

Water-tight  diving  dresses  are  now  substituted  forthe  diving- 
bell.  They  possess  the  advantage  of  giving  the  diver  greater 
mobility,  and  his  movements  may  be  extended  over  considerable 
areas.  Great  care  must  be  taken,  both  in  the  case  of  the  diving- 
bell  and  the  diver's  dress,  that  no  accident  occurs  to  the  tube  by 
which  air  is  supplied.  A  delay  of  two  minutes  in  raising  a  man 
to  the  surface  of  the  water,  where  accidents  have  occurred,  has 
been  attended  by  a  fatal  result. 

Successful  .attempts  have  been  recently  made  to  avoid  the 
operation  of  pumping  air  to  the  diver.  On  making  a  descent 
he  carries  a  cylinder  of  compressed  oxygen  with  him;  from 
this  a  supply  of  fresh  gas  is  conveyed  to  the  interior  of  the 
dress,  which  holds  sufficient  atmospheric  air  to  dilute  the 
oxygen.  Means  for  absorbing  the  carbonic  acid  are  also  sup- 
plied. In  Cilia  way  a  diver  has  been  enabled  to  remain  for 
a  much  longer  time  under  water,  and  move  over  very  considerable 
distances. 

It  is  said  that  the  greatest  depth  to  which  one  may  descend  in 
water  is  160  feet.  Under  these  circumstances  the  diver  carries 
100  pounds  on  bis  back  and  breast,  and  25  pound*  attached  to 
the  soles  of  liis  shoes.     Though  respiration  under  these  condi- 


152  GASEOUS    MATTER. 

tions  is  difficult,  yet  men  have  remained  at  this  depth  for  30  or 
40  minutes.  In  one  instance  an  experienced  diver  remained^  at 
a  depth  of  30  fathoms  for  75  minutes,  but  he  died  within  nine 
hours  from  congestion  of  the  lungs. 

The  power  of  the  muscles  of  the  chest  to  compress  the  air  in 
the  lungs  is  quite  limited.  Very  few  persons  can  blow  air 
through  a  tube,  the  extremity  of  which  is  two  feet  perpendicu- 
larly under  water.  This,  as  we  shall  see  hereafter,  is  only  equal 
to  a  pressure  of  one  pound  to  the  square  inch.  By  using  the 
muscles  of  the  mouth  alone,  a  greater  degree  of  compression 
mav  be  exerted. 

174.  The  Exhaustion  Air-pump  depends  upon  the  elastic  force  of 
the  air  for  its  actiou. 

Its  parts  are  similar  to  those  of  the  ordinary  lift  or  suction- 
pump  already  described  when  treating  of  hydraulics. 

Let  P  represent  a  ground-glass  plate  some  ten  inches  in 
diameter,  on  this  a  bell-jar,  J,  is  placed.     The  mouth  of  the  jar 

Fig.  61. 


Exhaustion  ,»ir-;  uiiij . 

is  also  ground  fine,  so  that  with  the  plate  it  makes  an  air-tight 
joint.  From  the  centre  iA'  the  plate  a  brass  tube  passes  to  the 
bottom  of  the  cylinder  (\  The  cylinder  must  be  accurately 
formed.  The  piston,  of  which  1{  is  the  rod,  should  tit  the 
cylinder  perfectly  air-ti»rht.  At  the  bottom  o\'  the  cylinder  at 
C,  there  is  a  valve,  and  also  one  in  the  piston  B:  both  of  these 
open  upwards. 

By  means  «»f  the  handle  H  the  piston  i<  thrown  into  action. 
At  each  stroke  air  is  removed  from  the  jar  by  its  own  elastic 
force,  which  i<  brought  into  play  the  moment  the  pressure  is 
reduced  at  any  point  in  the  jar. 

After  a  tc\v  Mrokc*  the  force  required  to  move  the  piston  is 
very  considerable.  To  relieve  this,  a  valve.  \  .  opening  upwards 
is  placed  «m  the  top  of  the  cylinder:  as  each  stroke  of  the 
pi-ton  is  completed.  thi<  supporting  the  pressure  of  the  air 
reduce-  greatly  the  amount  of  force  required  to  work  the  pump. 
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Iii  double  cylinder  air-pumps  the  pressure  on  one  piston  balances 
that  on  the   other,  and  these  valves  are  not  needed. 

There  are  manv  modifications  of  the  form  we  have  described. 
In  all,  the  gradual  removal  of  the  air  from  the  jar  by  repeated 
strokes  of  the  piston  fiually  produces  a  more  or  less  perfect 
emptiness  in  the  jar.     To  this  the  term  vacuum  is  applied. 

175.  Life  and  Rarefied  Air. — When  a  lighted  candle  is  placed 
under  the  bell-jar  of  an  air-pump,  and  exhaustion  is  made,  it 
soon  burns  with  a  flickering  light,  and  after  a  little  the  flame 
dies  out.  In  like  manner  small  animals,  under  the  same  cir- 
cumstances, suffer  distress  long  before  a  vacuum  is  reached. 

Data  have  been  obtained  in  the  ascent  of  high  mountains, 
which  show  that  large  animals  as  well  as  small  suffer  when  the 
air  is  rarefied.  At  an  elevation  of  15,000  feet,  where  the  air 
has  about  half  the  density  it  possesses  at  the  level  of  the  sea, 
respiration  in  men  becomes  more  or  less  labored  and  difficult. 
At  16,000  feet  of  elevation,  the  hardiest  mountaineers  cannot 
walk  ten  yards  without  taking  a  rest,  muscular  action  becoming 
almost  impossible.  In  the  vicinity  of  Quito  it  is  found  to  be 
very  difficult  to  make  pack  mules  and  horses  advance  above  an 
altitude  of  15,000  feet.  They  halt,  tremble,  and  fall  down.  If 
rest  is  not  allowed,  they  soon  die.  Travellers  and  even  experi- 
enced guides  frequently  faint  suddenly  in  the  attempt  to  ascend 
lofty  peaks.  A  mountain  range  over  15,000  feet  in  height  is  an 
effectual  barrier  between  two  nations.  At  double  this  height  it 
is  doubtful  if  any  form  of  life  exists,  partly  on  account  of  the 
tenuity  of  the  air  and  partly  on  account  of  the  intense  cold. 

The  exhaustion  action  of  the  walls  of  the  chest,  like  their 
compression  action,  is  limited  to  about  one  pound  to  the  square 
inch.  By  the  muscles  of  the  mouth  alone  some  persons  can 
exert  a  wonderful  exhaustion  action,  raising  water  nearly  30  feet, 
while  others  cannot  raise  it  higher  than  5  or  0  feet  even  in  a 
narrow  glass  tube. 

Though  the  forced  respiratory  act  -is  limited  to  a  pressure  of 
one  pound  to  the  square  inch,  it  is  quite  suflicient  to  draw 
various  objects  into  the  lungs.  In  persons  who  have  been 
drowned,  mud,  sand,  weeds,  and  other  substances  which  have 
roine  into  the  vicinity  of  the  mouth  and  nostrils  are  thus  intro- 
duced into  the  lungs.  Occasionally  children  are  suffocated  by 
having  some  object  in  the  mouth  at  the  time  of  taking  a  sudden 
violent  inspiration.  In  this  way  marbles,  thimbles,  and  pieces  of 
candy  have  found  their  way  into  the  bronchial  tubes.  Cases  are 
also  on  record,  in  which  comparatively  heavy  bodies  like  pins 
and  needles  have  thus  been  carried  into  the  air  passages. 

176.  The  Mercury  Pump  is  also  known  as  SprengePs  air-pump. 
In  this  a  column  of  mercury  is  used  to  produce  a  vacuum.    The 
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Erinciple  adopted  consists  in  converting  the  space  to  be  ex- 
austed  into  a  Torricellian  vacuum  (108).  A  simple  form  of 
this  may  be  described  as  follows.  In  Fig.  62,  C  1)  is  a  glass 
tube  about  three  feet  in  length  and  open  at  both  ends.  It  is 
connected  above  by  rubber  tubing  with  a  funnel,  A,  containing 
mercury,  and  properly  supported.  By  a  clamp  on  the  rubber 
tube  below  (\  the  rate  of  flow  of  mercury  into  the  vertical  tube 
may  be  regulated.  Just  below  the  rubber  tube  a  branch  com- 
municates with  the  flask  R.  The  tube  C  D  passes  below  into 
another  flask  B.  In  the  side  of  this  there  is  a  spout.  The  end 
of  the  vertical  tube  passes  below  the  level  of  this  spout,  and 
dips  beneath  the  surface  of  the  mercury  contained  in  the  flask. 


Flu.  tY2. 


Fig.  63. 
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On  opening  the  clamp  at  (_\  the  mercury  runs  down,  and  ex- 
„-u*tiou  begins,  the  air  passing  from  the  flask  K  forms  alternate 
columns  ot  air  and  mercury  in  the  tube  C  I>.  As  fast  as  the 
mercurv  flows  from  1>  through  the  spout  into  II,  it  is  returned 
to  the  funnel  A.     As  the  exhaustion   becomes  more  and  more 
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complete,  the  columns  of  air  in  the  vertical  tube  become  shorter 
and  shorter,  until  at  last  they  disappear,  and  the  tube  seems  to 
be  tilled  with  a  continuous  column  of  mercury  throughout  its 
whole  extent.  As  this  point  is  approached  a  clicking  noise  is 
emitted  by  the  tube  similar  to  that  produced  in  the  water 
hammer.  Mercurial  pumps  of  this  description  have  been  used 
for  the  preparation  of  Geissler  tubes.  To  save  time  the  first 
portions  of  air  may  be  removed  from  the  apparatus  to  be  ex- 
hausted by  means  of  an  ordinary  air-pump. 

177.  Bunsen's  Filter  Pump. — The  process  of  filtration  may  be 
greatly  aided  by  submitting  the  contents  of  the  filter  to  the 
pressure  of  the  air.  Since  it  often  happens  that  substances 
evolving  fumes  which  would  corrode  the  metallic  parts  of  a 
pump  are  to  be  submitted  to  this  operation,  the  apparatus  repre- 
sented in  Fig.  63  was  devised  by  Bunsen  to  accomplish  this 
result. 

It  is  essentially  a  Sprengel  pump,  in  which  a  long  column 
of  water  is  substituted  for  the  mercury.  It  consists  of  a  glass 
tube  of  the  shape  shown  at  B  A  C.  Water  enters  at  B,  and 
falling  through  A,  passes  down  C,  which  is  the  top  of  a  leaden 
or  iron  tube  35  or  40  feet  in  vertical  height.  As  the  water 
passes  the  narrow  opening  of  the  smaller  tube  D,  it  draws  in 
the  air  from  any  apparatus  with  which  that  tube  may  be  con- 
nected, and  produces  a  vacuum  therein. 

178.  Limit  of  Vacuum. — Theoretical Iv  an  absolute  vacuum  can- 
not  be  obtained  by  the  ordinary  air-pump,  since  no  matter  how 
many  strokes  the  piston  may  make  it  only  removes  a  part  of 
the  air  remaining  in  the  jar.  Even  an  infinite  number  of  strokes 
would  still  leave  some  air  in  the  jar.  Practically  the  production 
of  the  vacuum  is  soon  brought  to  an  end  for  the  following 
reason. 

At  each  stroke  of  the  piston  and  removal  of  air  from  the  jar, 
the  elastic  force  of  the  remaining  air  becomes  less  and  less. 
Finally,  it  is  reduced  so  low  that  it  is  not  sufficient  to  raise  the 
valves  of  the  apparatus.     All  further  exhaustion  then  ceases. 

To  overcome  this  difficulty  air-pumps  have  been  constructed 
in  which  the  valves  are  worked  by  hand  or  by  the  movements 
of  the  piston,  without  calling  the  elastic  force  of  the  air  into 

I  Any.     Examples  of  these  are  offered  by  the  pumps  of  Babinet, 
iianci,  and  L>eleuil.    By  the  latter  it  is  said  an  exhaustion  equal 
to  a  millimetre  of  mercury  may  be  attained. 

179.  Vacuum  by  Chemical  Agents. — To  obtain  a  still  more 
perfect  vacuum  various  chemical  means  are  resorted  to  for 
the  removal  of  the  last  remaining  traces  of  gas,  even  in  the 
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Torricellian  vacuum  of  a  mercury  pump.  Iu  the  method 
adopted  by  Dewar,  a  vacuum  estimated  at  5-^rth  of  a  millimetre 
of  mercury  was  obtained.  This  method  consists  in  heating 
charcoal  to  redness  in  a  vessel  which  had  been  exhausted  by  a 
mercury  pump.  Finkcner  accomplished  a  similar  result  by 
filling  the  vessel  with  oxygen,  exhausting  this  with  the  mercury 
pump,  and  then  heating  to  redness  copper  which  had  been  pre- 
viously placed  in  the  vessel.  By  similar  chemical  means  Crookes 
has  obtained  a  vacuum  which  he  estimated  at  rr^th  of  a  milli- 
metre. 


CHAPTER    XIII. 

THE  ATMOSPHERE. 

General  properties — Composition  of  air — Height  of  the  atmosphere — Atmosphere 
presses  downwards — Air  presses  in  all  directions — Action  of  lift-pumps 
exp!ain«*d — The  pipette — The  cuppinu-glus? — Introduction  of  air  into  the 
lun^* — (Ja-e-  and  principle  of  Archimedes — Balloon? — Recent  balloon  atcenta 
— It.illoon  traffic— Re>i<tance  of  air  to  moving  l*»dv — Parachute — Rate  of 
movement  into  a  vacuum — Cannon  reports  and  thunder. 

180.  General  Properties. — The  atmosphere  is  the  gaseous  ocean 
covering  the  whole  surface  of  the  globe.  It  attends  the  earth 
in  its  motion  of  rotation,  and  would  not  change  its  relations  to 
objects  attached  to  its  surface  were  it  not  for  local  disturbances 
chiefly  the  results  of  changes  in  temperature.  To  overcome 
these  disturbances  and  reestablish  an  equilibrium,  currents  are 
produced  which  we  call  winds. 

Upon  the  atmosphere  all  plants  and  animals  depend  for  their 
existence.  They  can  only  bear  a  deprivation  of  its  supply  for  a 
brief  period  of  time.  The  higher  animals,  as  mammals,  usually 
die  in  a  few  moments  when  deprived  of  air. 

In  experiments  made  on  dogs,  it  was  found  that  they  might 
be  deprived  of  air  for  three  minutes  and  fifty  seconds,  and  yet 
recover  when  air  was  admitted  t«»  the  lungs.  If  the  access  of 
air  was  rut  off  for  four  minutes  and  ten  seconds,  death  was  the 
result.  In  this  rase  the  turning  point  between  life  and  death 
\va>  limited  t«»  twenty  seconds.  As  it  is  not  probable  that  a  man 
w«»!iM  survive  under  these  circumstances  longer  than  a  do<j,  the 
time  during  which  access  *>f  air  may  be  prevented  is  limited  to 
les^  than  four  minutes. 
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In  cases  of  death  which  have  occurred  in  diving-bells,  the 
limit  of  time  has  fallen  as  low  as  two  minutes.  Invertebrate 
creatures,  like  mollusks,  have  been  submitted  to  the  action  of 
the  vacuum  of  an  ordinary  air-pump  tor  many  hours,  and  have 
not  only  survived,  but  have  apparently  come  out  from  the  ordeal 
unharmed. 

Of  the  atmosphere  and  its  phenomena  generally,  we  have  the 
following  graphic  account  by  Dr.  Buist,  of  Bombay :  "Its  upper 
surface  cannot  be  nearer  to  us  than  fifty,  and  can  scarcely  be 
more  remote  than  five  hundred  miles.  It  surrounds  us  on  all 
sides,  yet  we  see  it  not;  it  presses  on  us  with  a  load  of  fifteen 
pounds  on  every  square  inch  of  surface  of  our  bodies,  or  from 
seventy  to  one  hundred  tons  on  us  in  all,  yet  we  do  not  so  much 
as  feel  its  weight.  Softer  than  the  softest  down — more  impal- 
pable than  the  finest  gossamer — it  leaves  the  cobweb  undisturbed, 
and  scarcely  stirs  the  lightest  flower  that  feeds  on  the  dew 
it  supplies ;  yet  it  bears  the  fleets  of  nations  on  its  wings  around 
the  world,  and  crushes  the  most  refractory  substances  with 
its  weight.  When  in  motion  its  force  is  sufficient  to  level  the 
most  stately  forests  and  buildings  with  the  earth,  to  raise 
the  waters  of  the  ocean  into  ridges  like  mountains,  and  dash  the 
strongest  ships  to  pieces  like  toys.  It  warms  and  cools  by  turns 
the  earth  and  the  living  creatures  that  inhabit  it.  It  draws  up 
vapors  from  the  sea  and  land,  retains  them  dissolved  in  itself  or 
suspended  in  cisterns  of  clouds,  and  throws  them  down  again  as 
rain  or  dew  when  they  are  required.  It  bends  the  rays  of  the 
sun  from  their  path  to  give  us  the  twilight  of  evening  and 
of  dawn  ;  it  disperses  and  refracts  their  various  tints  to  beautify 
the  approach  and  the  retreat  of  the  orb  of  day.  But  for  the 
atmosphere,  sunshine  would  burst  on  us  and  fail  us  at  once,  and 
at  once  remove  us  from  midnight  darkness  to  the  blaze  of  noon. 
We  should  have  no  twilight  to  soften  and  beautify  the  landscape, 
no  clouds  to  shade  us  from  the  scorching  heat,  but  the  bald 
earth  as  it  revolved  on  its  axis,  would  turn  its  tanned  and 
weakened  front  to  the  full  and  unmitigated  rays  of  the  Lord 
of  Light." 

181.  Composition  of  Air. — Air  is  a  mixture  of  gases.  The  chief 
of  these  are  oxygen  and  nitrogen.  Next  in  importance  are 
vapor  of  water  and  carbonic  acid  gas.  Many  other  gases  are 
present  in  minute  proportions  or  traces.  Excluding  these,  its 
composition  may  be  expressed  as  follows: 

Nitrr^gen 78  40 

Oxygen 20.03 

H,0  (vapor  of  water) (»4 

COj  (carbonic  acid  gas i (..04 

100.00 


158  GASEOUS    MATTER. 

Aqueou9  vapor  arises  by  evaporation  from  the  earth's  surface 
and  from  collections  of  water,  also  from  the  exhalations  of 
plants  and  animals.  Carbonic  acid  gas  is  produced  in  the  res- 
piration of  animals  and  in  all  processes  of  combustion,  decom- 
position, putrefaction,  and  fermentation.  It  has  been  estimated 
that  in  Paris  the  diurnal  production  of  this  gas  amounts  to  one 
hundred  millions  of  cubic  feet,  of  which  one-tenth  is  from  the 
respiration  of  human  beings  and  animals,  the  remainder  arising 
chiefly  from  processes  of  combustion.  Accumulation  of  car- 
bonic acid  gas  in  the  air  is  prevented  by  plants,  which  decom- 
pose it,  and  setting  its  oxygen  free  unite  its  carbon  with  water 
to  form  gum,  with  which  they  build  up  their  tissue. 

From  the  table  given  above,  we  find  that  a  certain  small  pro- 
portion of  carbon  dioxide  is  always  present  in  the  air.  When 
air  is  expired  from  the  lungs,  it  has  lo3t  from  four  to  six  per 
cent,  of  oxygen,  and  has  gained  in  its  stead  from  three  to  live 
per  cent,  of  carbonic  acid  gas.  The  presence  of  six  to  ten  per 
cent,  of  this  gas  in  air  is  fatal  to  life.  In  an  atmosphere  con- 
taining this  proportion  of  carbonic  anhydride  a  candle  will  burn. 
It  is,  therefore,  evident  that  the  candle  test  does  not  necessarily 
show  that  it  is  safe  to  descend  into  a  pit  or  well  where  it  will 
burn.  It  only  indicates  that  descent  is  absolutely  negatived 
where  it  does  not  burn. 

Although  oxygen  is  necessary  for  the  maintenance  of  life,  it 
must  be  used  in  the  diluted  condition  in  which  we  find  it  in 
air.  When  breathed  in  the  unmixed  state,  it  stimulates  the 
nervous  system  strongly  and  finally  causes  death.  The  experi- 
ments of  Mr.  Broughtou  showed  that  rabbits  died  in  from  six  to 
twelve  hours  when  kept  in  pure  oxygen.  Despite  the  noxious 
action  of  pure  oxygen,  animals  will  live  in  an  atmosphere  of 
that  gas  three  times  as  long  as  they  will  live  in  an  equal  volume 
of  atmospheric  air. 

182.  Height  of  the  Atmosphere. — The  facts  which  have  been 
presented  regarding  the  elastic  force  of  air  in  common  with  all 
gases  would  lead  us  to  expect  that  its  molecules  would  fly  oft" 
into  spare.  That  this  is  not  the  case  is  apparent  from  the  fact 
that  it  does  remain  bound,  as  it  were,  to  the  surface  of  the  earth. 

This  apparent  contradiction  receives  its  explanation  in  the 
fact  that  as  air  expands  its  elastic  force  becomes  less.  More- 
over, as  it  ascends  to  higher  regions  the  void  is  more  intense, 
this  also  diminishes  the  tendenev  to  expansion,  until  finallv  it  is 
reduced  to  so  low  a  point  t.iat  it  comes  under  the  control  of 
gravity,  and  an  equilibrium  being  established  expansion  ceases, 
and  an  exterior  limit  or  boundary  between  the  atmosphere  and 
space  U  established. 

Observations   on    the  density  of  air   and   of  phenomena  of 
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refraction  connected  with  twilight,  show  that  the  depth  of  the 
atmospheric  ocean  is  probably  from  forty  to  sixty  miles.  The 
great  mass  of  the  air  by  weight  is,  of  course,  confined  within  a 
small  fraction  of  that  depth.  In  opposition  to  this  estimate  the 
objection  is  raised  that  meteorites  are  often  seen  to  emit  light 
when  they  are  still  more  than  200  miles  above  the  earth's  sur- 
face. Since  the  luminosity,  in  this  case,  is  the  sequent  of  the 
action  of  the  air,  it  follows  that  we  must  extend  the  outer  limit 
to  that  distance.  Recent  observations  on  the  twilight  arc  by 
Mr.  Liais,  at  Rio  Janeiro,  also  tend  to  place  the  outer  limit  of 
the  atmosphere  at  a  distance  of  about  200  miles. 

183.  The  Atmosphere  Presses  Downwards. — Turning  to  the  de- 
scription of  the  air-pump  (174),  and  repeating  the  experiment 
therein  detailed,  it  will  be  found  that  after  a  few  strokes  of  the 
pump  it  becomes  almost  impossible  to  separate  the  bell-jar  from 
its  plate.  This  is  explained  upon  the  following  principles.  It 
lias  been  shown  that  air  is  heavy,  100  cubic  inches  weighing 
31  grains.  In  the  last  article,  we  have  also  seen  that  the  depth 
of  the  aerial  ocean  is  variously  estimated  at  from  forty  to  two 
hundred  miles.  Though  it  is  true  that  the  atmosphere  by  its 
expansion  gradually  becomes  lighter  as  we  leave  the  surface 
of  the  earth,  yet  a  long  distance  must  be  traversed,  nearly  4 
miles,  before  the  weight  of  100  cubic  inches  has  even  diminished 
to  one-half  that  which  it  had  at  the  surface. 

The  air  being  heavy  and  there  being  so  great  a  column  of  it 
resting  on  the  top  of  the  jar,  we  can  easily  understand  that  this 
is  the  reason  why  the  jar  is  so  firmly  pressed  down  upon  the 
plate  of  the  pump.  If  any  doubt  exists  regarding  this  explana- 
tion, it  only  remains  to  allow  the  air  to  regain  access  to  the  in- 
terior of  the  jar.  As  it  passes  in,  its  pressure  is  brought  to  bear 
on  the  interior  as  well  as  the  exterior,  and  at  last  equilibrium  is 
established  between  the  interior  and  exterior  pressures,  and  the 
jar  may  be  removed  from  the  plate  of  the  pump  with  the  same 
ease  as  before  the  experiment  began. 

A  capital  illustration  of  the  downward  pressure  of  air  is 
offered  by  a  toy,  well  known  to  boys  as  the  sucker.  It  consists 
of  a  circular  piece  of  thick  leather,  which  is  soaked  with  water. 
Through  the  centre  a  strong  string  passes,  which  is  prevented 
from  slipping  through  by  knots  made  on  the  lower  side.  The 
leather  having  been  well  applied  to  the  surface  of  a  stone  or 
other  flat  object,  and  traction  applied  by  the  string,  the  stone  is 
raised;  the  pressure  of  the  air  binding  the  stone  tightly  to  the 
leather. 


184.  Air  Presses  in  all  Directions. — The  study  of  hydrostatics 
«hows  that  water  presses  in  all  directions.    The  similarity  which 
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we  have  seen  to  exist  between  liquids  and  gases,  regarding  their 
properties,  would  lead  us  to  expect  that  air  would  also  press  in 
all  directions,  and  equally  in  the  same  plane  as  is  the  case  with 
water.  The  experimental  demonstration  that  such  is  the  fact 
may  be  made  in  a  number  of  ways.  Of  these  the  most  classic 
is  by  the  Magdeburg  hemispheres  represented  in  Fig.  64.  The 
arrangement  consists  of  two  hollow  hemispheres  of  brass,  the 
edges  of  which  are  accurately  ground.  When  placed  together 
a  hollow  sphere  is  formed,  access  to  the  interior  of  which  is 
offered  by  the  stopcock.  The  hollow  sphere  being  attached  to 
the  air-pump  plate  and  exhausted,  the  stopcock  is  then  closed, 
and  the  apparatus  removed  from  the  pump.  No  matter  in  what 
direction  traction  is  now  applied  to  separate  the  two  hemi- 
spheres, they  are  pressed  together  with  equal  firmness  in  all. 
It  is,  therefore,  evident  that  air  exerts  pressure  equally  in  all 
directions. 


Fig.  VA. 
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Air  prvfew**  in  all  iliriTtioni. 


The  same  result  may  be  obtained  in  a  more  inexpensive 
manner,  by  the  device  illustrated  in  Fig.  65.  Let  A  be  a  small 
bell-jar,  or  a  wine-glass,  ft  is  to  be  filled  with  water  over  the 
dish  O.  The  mouth  is  then  to  be  closed  hv  a  sheet  of  card- 
board,  care  being  taken  that  no  air  is  entrapped  betwee*  the 
card  and  the  surface  of  the  fluid.  Thus  prepared,  the  jar 
may  be  turned  mouth  down.  The  water  nevertheless  remains 
suspended  in  the  jar  by  the  pressure  of  the  air  on  the  sheet  of 
card  closing  its  mouth.  The  glass  may  then  be  inclined  at  all 
angles,  H,  yet,  so  long  as  the  card  does  not  slip,  the  water  is  re- 
tained ///  .*//*/  by  the  pressure  of  the  air. 

Nature  offers  numerous  illustrations  of  the  application  of  the 
pressure  of  the  air.  The  movements  of  flies,  and  other  insects, 
along  the  smooth  ceiling  of  a  room,  are  accomplished  on  this 
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principle.  The  tree  toad  also  depends  upon  pressure  of  the 
air  on  the  suckers  of  his  toes  for  his  ability  to  move  as  easily 
on  the  under  as  on  the  upper  side  of  a  branch.  It  is  the 
presence  of  numerous  suckers  on  the  under  surface  of  the  arms 
of  cuttle-fishes,  that  gives  that  creature  its  fearful  hold  upon 
whatever  it  touches.  The  great  joints  of  our  bodies  are  also 
held  together  firmly  by  pressure  of  the  air.  The  ligaments  of 
many  of  them  may  be  completely  severed,  yet  it  is  as  difficult 
to  separate  the  bones  from  each  other,  as  it  would  be  to  tear 
asunder  two  Magdeburg  hemispheres  of  equal  diameter. 

By  calling  the  pressure  of  air  into  play,  the  infant  draws 
its  supply  of  milk  from  its  mother's  breast,  and,  following  the 
precepts  of  his  infancy,  adult  man  imbibes  the  consolation  to  be 
found  in  a  sherry  cobbler  through  the  medium  of  a  straw  and 
by  grace  of  the  pressure  of  the  air. 

185.  Action  of  a  Lift-pump  Explained. — The  apparatus  repre- 
sented in  Fig.  66  is  known  as  the  experiment  of  the  fountain  in 
vacuo.     It  consists  of  a  tall  jar,  A,  through 

the  lower  part  of  which  a  tube  passes.     This  Fig.  66. 

is  furnished  with  a  stopcock  at  B,  and  ter- 
minates in  a  jit  in  the  interior  of  the  jar.    The 
exterior  termination  of  the  tube  bears  a  screw 
thread  by  which  it  is  to  be  attached  to  the 
air-pump.     Exhausting  the  jar  and    closing 
the  stopcock,  the  apparatus  is  detached  from 
the  pump,  and  introduced  vertically  into   a 
basin,  C,  containing  water.     Passing  the  ex- 
ternal extremity  of  the  tube  to  the  bottom  of 
C,  and  opening  the  cock  B,  a  tine  stream  of 
water  rises  from  the  jet  and  impinges  forcibly 
against  the  top  of  the  jar,  where  it  turns  and         Fountain  in  vacuo. 
flowing  down   the  sides  accumulates   at   the 
base.     The  cause  of  the  formation  of  this  fountain  is  evidently 
the  pressure  of  air  upon  the  surface  of  the  water  in  C.     The 
moment  the  cock  is  opened  this  pressure  is  brought  into  action, 
and  the  whole  train  of  phenomena  initiated. 

As  in  the  preceding  case,  the  pressure  of  air  forces  the  water 
up  into  the  vacuous  space  A,  so  when  by  a  downward  stroke 
of  the  handle  in  a  lift-pump  we  make  a  partial  vacuum  in  the 
cylinder,  the  water,  with  which  it  is  connected  by  th'e  pipe,  is 
forced  up  into  the  pipe  by  pressure  of  the  air  upon  the  surface 
of  the  fluid  in  a  well  or  cistern. 

186.  Action  of  a  Pipette. — For  the  transference  of  urinary  sedi- 
ments to  a  microscope  slide,  and  also  for  the  transference  and 
measurement  of  small  quantities  of  liquid,  the  apparatus  known 
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as  a  pipette  is  very  useful  and  convenient.  It  consists  of  a  glass 
tube,  A  B,  of  the  form  shown  in  Fig.  67.  The  upper  part,  A, 
is  open  the  full  diameter,  the  lower,  B,  is  drawn  down  to  a  fine 
point  or  jet,  and  dips  into  the  bottle  C.    The  fluid  may  then,  by 

placing  A  in  the  mouth,  be  drawn  into  the 
pipette  to  a  measured  mark,  the  end  closed 
Dy  the  finger,  and  the  fluid  transferred  to 
another  vessel. 

Suppose  sediment  in  the  bottle  C  to  be 
removed  to  the  capsule  D.  The  mouth,  A, 
of  the  pipette  is  closed  with  the  finger,  the 
extremity,  B,  is  then  passed  down  into  the 
sediment.  As  A  is  closed  by  the  finger,  the 
air  in  the  pipette  prevents  the  ingress  of  the 
fluid  while  the  pipette  is  passed  through  it. 
The  point  of  the  pipette  being  advanced  into 
the  sediment,  the  pressure  of  the  finger  ou 
the  opening  A  is  slightly  relaxed,  a  little  air 
escapes,  and  the  pressure  of  the  atmosphere 
on  the  surface  of  the  liquid  forces  it  and  the 
sediment  into  the  pipette.  A  sufficient  quan- 
tity having  passed  into  the  pipttte,  the  press- 
ure of  the  finger  at  A  is  restored,  and  the 
instrument  is  removed  from  the  bottle.  As 
it  passes  into  the  air,  the  pressure  of  the 
atmosphere  on  the  narrow  column   of  fluid  in  the  jet  of  the 

twpette  retains  the  fluid  and  precipitate  in  position  until  it  is 
leld  over  the  capsule  D.  The  pressure  of  the  finger  at  A  being 
then  released,  the  air  gains  access  to  the  tube  above,  and  a  por- 
tion of  liquid  and  precipitate  is  forced  out. 

The  rate  of  flow  from  a  pipette  is  regulated  by  inclining  it 
more  or  less  at  an  angle  to  the  perpendicular.  If  it  is  held 
vertically,  the  flow  is  the  most  rapid.  If  held  horizontally,  it 
mav  be  diminished  to  nothing.  Between  these  all  rates  desired 
mav  be  obtained. 


l*i|«'th 


187.  The  Cupping-glass. — The  effect  oi  the  pressure  of  air  on 
the  tissues  of  the  body  may  be  shown  by  the  apparatus  known 
as  the  hand-glass.  It  consists  of  a  glass  vessel  or  receiver,  of 
the  shape  represented  at  A.  Fig  t>S,  open  above  and  below. 
The  lower  mouth  is  five  inches,  ami  the  up|»er  two  inches  in 
diameter.  The  lower  mouth,  having  its  edges  finely  ground, 
makes  an  air-tight  joint  >\hcii  placed  upon  the  plate  of  the  air- 
pump  B.  Closing  the  upper,  or  smaller  opening,  with  the  nalni 
of  the  hand  and  exhausting,  the  pressure  ot  the  air  is  brought  to 
bear  u:».»n  its  dorsal  surface.  As  the  exhaustion  is  continued, 
the  muscular  and  other  tissues  are  forced  down   between  the 
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metacarpal  bones,  the  outlines  of  which  may  be  easily  traced  on 
the  back  of  the  hand.     At  the  same  time  the  palmar  surface  is 
bulged  downwards  into  the  receiver.    It  becomes  intensely  con- 
gested with  blood,  and  if  the  exhaustion 
is  sufficiently  perfect,  and  continued  for  a 
sufficient  time,  the  smaller  bloodvessels  are 
ruptured  and  ecchymosis  produced. 

The  cupping-glass  acts  on  the  same 
principle  as  the  hand-glass.  It  is  usually 
shaped  like  a  low  bell-jar  C,  and  made 
either  of  metal  or  of  glass.  The  rim  around 
the  opening  should  have  sufficient  thick- 
ness to  prevent  it  cutting  the  skin  when 
applied. 

Sometimes  cups  are  exhausted  by 
means  of  a  small  air  syringe.  When  this 
is  the  case  they  are  perforated  above,  and 
the  opening  closed  by  a  stopcock  when  the 
exhaustion  is  completed.  Generally  the 
vacuum  is  produced  by  the  condensa- 
tion of  vapor  of  water.  In  this  case  the 
cups  are  without  any  perforation  above. 
Ordinary  tea  or  coffee  cups  with  thick  lips 
answer  perfectly  well.  The  method  of  application  is  as  follows. 
A  small  torch  is  prepared  by  wrapping  a  few  folds  of  old  linen 
around  a  penhandle.  This  is  dipped  into  alcohol,  and  lighted. 
A  copious  flame  is  thereby  produced.  The  mouth  of  the  cup 
is  then  held  close  to  the  surface  to  which  it  is  to  be  applied, 
the  torch  is  passed  into  the  cup,  and  almost  immediately  with- 
drawn. At  the  moment  of  withdrawal,  the  mouth  of  the  cup  is 
turned  down  on  the  surface  of  the  skin.  If  it  does  not  adhere 
at  once,  the  torch  is  again  applied. 

The  operation  of  tfie  flame  is  to  till  the  cup  with  steam  of 
high  tension.  The  air  is  thus  expelled,  and  if  the  mouth  of  the 
nip  is  closed  by  the  skin  before  the  steam  begins  to  condense, 
when  it  does  condense  a  vacuum  is  produced  in  the  cup.  The 
application  of  the  flame  to  the  interior  should  be  momentary, 
otherwise  the  cup  will  be  heated,  condensation  of  the  steam 
will  be  imperfect,  and  the  surface  to  which  it  is  applied  may  be 
scorched.  It  is  well  to  moisten  or  bathe  the  surface  of  the  skin 
before  the  application  of  the  cups  is  commenced.  It  is  thus 
softened,  ana  better  opportunity  offered  for  forming  an  air-tight 
joint. 

When  a  wound  is  accompanied  by  injection  of  poison,  as  in 
the  bite  of  a  venomous  serpent*  a  cupping-glass  may  be  used  to 
withdraw  the  noxious  matter  from  the  part.  Since,  under  these 
conditions,  rapidity  of  removal  of  the  poison  is  all  impoitant, 
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the  month  may  be  at  once  applied,  and  the  wound  sucked  until 
cups  en 1 1  be  procured,  Tlie  person  who  offers  his  services  in 
such  a  case  should  be  certain  that  there  is  no  wound  or  abra- 
sion of  the  skin  about  hit*  lips  or  buccal  cavity.  It  there  is  he 
may  lose  his  lite  in  consecpience,  for  though  such  poison  may 
be  swallowed  with  impunity,  it  destroys  lite  if  brought  in  con- 
tact with  a  raw  surface  or  wound. 

188.  Introduction  of  Air  into  the  Lungs. — In  all  the  mammalia 
or  higher  animals,  pressure  of  the  atmosphere  is  brought  into 
action  in  the  introduction  of  air  into  the  lurger  air*passagta. 
By  means  of  the  apparatus  shown  in  Fig.  69 
Fio.  60.  we  may  illustrate  the  manner  in  which  the 

first  stage  of  inspiration  and  the  last  of  expi- 
ration are  accomplished. 

Let  A  B  be  a  bell- jar  perforated  above,  and 
dipping  into  a  vessel  of  water,  D.  The  walls 
of  the  jar  may  be  imagined  to  represent  the 
walls  of  the  chest.  The  surtaee  of  the  Water 
in  D  would  represent  the  diaphragm,  and 
by  raising  and  lowering  1>  in  a  regular 
rhythmic  manner,  the  action  of  the  dia- 
phragm may  be  imitated,  and  the  capacity 
of  the  interior  of  the  jar  A  B  increased  and 
(liinini-hcd.  The  aperture  at  A  is  to  be 
closed  by  a  cork,  through  which  an  open 
tube  T  passes,  and  terminates  in  the  inte- 
rior of  the  jar  in  a  rubber  sack,  or  a  bladder, 
shown  at  C.  Carrying  out  the  substitution  of 
parts,  the  tube  T  represents  the  tnu'ln:t.  uml 
the  sack  0  the  lung.  The  dotted  line  shows 
the  form  of  the  hag  when  I)  is  raised,  and 
the  capacity  of  the  chest  or  hell  diminished. 
Lowering  B,  the  capacity  of  A  B  is  increased,  the  air  Hows 
in  tlinuigli  T  to  L,  exactly  as  when  the  diaphragm  is  lowered 
it  flows  through  the  trachea  into  the  lungs,  and  the  inspira- 
tory art  is  accomplished,  liaising  1),  the  capacity  of  A  B  is 
diminished,  pressure  is  brought  to  bear  on  the  bladder  0,  it 
contrails,  its  contents  passing  out  through  T.  In  like  manner 
the  cxpi rati >ry  aetisaccompli-hcd.  The  diaphragm  being  pressed 
up  by  the  contraction  of  the  abdominal  muscles,  it  bulges  up- 
wards, the  capacity  of  the  thoracic  cavity  is  diminished,  the 
lung  yittlda  to  the  pressure,  and  the  foul  air  is  expelled  through 
the  trachea. 

In  the.-e  movements  the  total  amount  of  compression  and 
rarefaction  of  the  air  is  quite  small,  not  amounting  to  more 
than  bait  an  inch  of  water  each  way.     This  may  be  proved  by 
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breathing  with  the  nostrils  unobstructed,  and  with  a  tube  one 
end  of  which  is  placed  in  the  mouth  while  the  other  end  is 
kept  an  inch  or  so  under  water. 

The  average  total  capacity  of  the  lungs  in  the  adult  male  is 
335  cubic  inches.  The  average  amount  of  air  introduced  at 
each  inspiration  is  30  cubic  inches,  and  there  are  about  18  res- 
pirations per  minute.  This  gives  540  cubic  inches  per  minute 
as  the  amount  of  air  inspired  and  expired  by  these  organs. 

189.  Oases  and  Principle  of  Archimedes.  — The  experiment 
with  the  Magdeburg  hemispheres  demonstrated  that  air  presses 
equally  in  all  directions  upon  bodies  placed  therein,  acting  in 
this  respect  in  the  same  manner  as  water.  It  is,  therefore,  evi- 
dent that  the  laws  regarding  the  equilibrium  of  bodies  in  liquids 
are  applicable  to  bodies  in  air,  and  they  must  lose  a  portion  of 
their  weight  equal  to  that  of  the  air  they  displace. 

That  this  really  happens  is  demonstrated  by  the  instrument 
called  the  baroscope,  which  is  represented  in  Fig.  70.     It  consists 

Fro.  70. 
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of  an  arm  or  lever  A  B,  moving  on  the  fulcrum  F.  To  the 
extremity  A,  a  sealed  glass  globe  is  attached  which  is  filled 
with  air.  To  the  opposite  extremity  a  counterpoise  of  lead, 
B,  is  suspended.  The  two  objects  A  and  B  are  so  adjusted  that 
in  the  air  they  balance  each  other  when  the  lever  A  B  is 
horizontal. 

Placing  the  arrangement  under  a  large  bell  upon  the  air-pump 
plate,  after  a  few  movements  of  the  piston,  the  globe  A  descends, 
showing  that  it  is  really  the  heavier  of  the  two  bodies.  The 
only  rational  explanation  that  can  be  given  of  this  is,  that  before 
the  air  was  removed  from  the  jar  it  buoyed  up  each  body  just  as 
water  would  do.  On  removing  the  air,  since  the  sphere  was  the 
larger  mass,  it  suffered  most  from  the  loss  of  buoyant  power  of 
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the  air,  and  that  end  of  the  lever  consequently  sank  because  it 
was  the  heavier. 

That  the  loss  of  weight  in  the  globe,  while  in  the  air,  is 
actually  owing  to  the  bulk  of  air  it  displaces,  is  readily  shown 
by  measuring  the  capacity  of  the  globe,  and  adding  the  cor- 
responding weight  to  the  counterpoise.  Suppose  the  globe 
measures  100  cubic  inches,  adding  31  grains,  which  is  the  weight 
of  this  volume  of  air,  to  the  leaden  counterpoise,  that  6ide  will 
be  heavier  in  the  air,  but  in  the  completely  exhausted  receiver 
of  the  air-pump  it  will  exactly  balance  the  globe,  thus  proving 
the  point  in  question. 

In  place  of  a  globe  containing  air  and  its  counterpoise,  an 
ounce  of  cork  may  be  attached  to  one  arm,  and  an  ounce  of  lead 
to  the  other  arm  of  the  baroscope.  In  the  air-pump  vacuum 
the  cork  will  be  the  heavier.  The  indications  of  the  baroscope 
show  us  the  necessity,  in  exact  scientific  work,  of  either  weighing 
bodies  in  vacuo,  or  of  giving  their  weight  reduced  to  what  it 
would  be  in  vacuo. 

190.  Balloons  depend  upon  the  buoyant  power  of  the  air  for 
their  action.  They  are  immense  bags  made  of  some  light 
material,  as  silk,  covered  with  a  caoutchouc  varnish.  This  is 
enclosed  in  a  network  of  cord,  from  which  a  car  of  wickerwork 
is  suspended.  In  the  top  of  the  balloon  there  is  a  valve  to  permit 
the  escape  of  gas;  this  is  managed  by  a  cord  which  passes  down 
to  the  car. 

The  car  carries  a  certain  number  of  bags  of  sand ;  by  means 
of  these  and  the  valve  the  balloon  mav  be  made  to  rise  and  fall 
at  the  will  of  the  aeronaut.  If  he  desires  to  pass  to  a  lower 
stratum  and  avail  himself  of  the  direction  of  the  wind  of  that 
region,  he  opens  the  valve  and  allows  sufficient  gas  to  escape  to 
accomplish  this  purpose.  The  rise  or  fall  is  produced  by  a 
variation  of  a  very  few  pounds  in  the  weight  of  the  machine. 
If  he  desires  to  ascend,  he  allows  a  portion  of  the  sand  ballast  to 
escape.  Thus  the  balloonist  can  pass  to  one  or  another  stratum 
of  air,  and  so  obtain  a  certain  amount  of  control  over  the 
course  of  his  aerial  car. 

A  balloon  3f>  feet,  in  diameter  will  hold  about  22,000  cubic 
feet.  The  weight  of  this  bulk  of  air  is  1000  pounds,  of  hydrogen 
200  pounds,  and  of  coal-gas  about  040  pounds.  Filled  with 
hydrogen  it  would  have  a  carrying  capacity  for  material,  car 
fixtures  and  load  of  1400  pounds.  Filled  with  coal-pis  its 
carrying  capacity  would  be  less  than  1000  pounds.  Though  the 
ascensional  power  of  hydrogen  is  so  much  greater  than  that  of 
coal-gas,  the  latter  is  used  in  preference,  since  it  is  much  cheaper 
and  has  less  tendency  to  leak  or  to  pass  through  the  material  of 
which  the  balloon  is  made.     The  largest  balloon  that  has  been 
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constructed  was  nearly  100  feet  in  diameter,  it  had  a  capacity 
of  450,000  cubic  feet;  charged  with  hydrogen,  it  ascended  with 
thirty-two  persons  to  a  height  of  2000  feet. 

The  first  balloons  were  raised  by  means  of  air  rarefied  by 
heat.  From  their  discoverer  they  were  called  Montgolfiers. 
The  first  ascent  was  made  by  one  of  these  in  June,  1783.  Shortly 
after  this,  in  December,  1783,  hydrogen  was  used  as  being  less 
dangerous.  In  1814,  when  coal-gas  was  introduced  for  lighting 
cities,  it  was  substituted  for  hydrogen  in  balloons. 

An  ascent  made  by  Gay-Lussae  in  1804  is  worthy  ot  mention 
on  account  of  the  scientific,  and  especially  the  physiological 


information  obtained.  The  height  reached  was  23,000  feet;  the 
barometer  sank  to  12.0  inches;  the  thermometer,  31°  C.  at  tho 
ground,  sank  to  — 0°  O.  The  air  was  so  dry  that  paper  shrank 
and  crumpled  as  if  it  had  been  held  near  a  hot  fire.  Respira- 
tion was  greatly  accelerated,  and  the  pulsations  of  the  heart, 
which  were  normally  60,  became  120.  Much  profound  dis- 
turbances of  the  functions  of  the  body  lead  us  to  wonder  that 
no  attempt  has  been  made  to  utilize  balloons  as  «  remedial 
•iifent  in  the  treatment  of  certain  diseases.  Certainly  it  would 
Mem  that  captive  balloons  might  be  employed  in  great  cities  for 


168  GASEOUS    MATTER. 

the  purpose  of  raising  patients  suffering  with  various  complaints 
to  a  sufficient  height  to  give  them  a  supply  of  pure  air  during 
a  few  hours  of  the  day. 

191.  Recent  Balloon  Ascents. — In  September,  1861,  Glaisher 
made  an  ascent  of  which  the  following  is  the  record.  Left  the 
earth  at  1  p.m.,  in  23  minutes  reached  an  altitude  of  15,750  feet; 
in  11  minutes  after  21,000  feet,  temperature  — 10°  C.  At  1.52, 
the  altitude  was  29,000  feet;  temperature  —16°  C.  The  ob- 
server then  fainted.  The  lowest  proximate  estimate  of  baro- 
metric height  was  7  inches.  This  would  correspond  to  an 
elevation  of  36,000  feet. 

At  19,000  feet  Glaisher  had  no  difficulty  in  making  obser- 
vations, though  his  companion  panted  for  breath.  At  29,000 
feet  his  eyesight  failed;  the  sense  of  hearing  and  other  faculties 
remained  a  little  longer.  Muscular  power  was  entirely  lost,  and 
his  companion  was  partly  paralyzed  by  the  intense  cold. 

An  ascent  made  by  the  balloon  "Zenith,"  in  April,  1875,  re- 
sulted fatally  to  two  of  the  occupants,  the  third  barely  escaping 
with  his  life.  The  object  of  the  ascent  was  to  determine  the 
amount  of  carbonic  anhydride  and  vapor  of  water  at  great 
elevations.  The  aeronauts  were  Tissandier,  Sivel,  and  Croce- 
Spinelli. 

The  rate  of  ascent  was  nine  feet  per  second  at  the  start,  this 
slowly  diminished.  In  90  minutes  an  altitude  of  nearly  23,000 
feet  was  reached.  The  travellers  had  a  supply  of  oxygen  with 
them,  by  which  they  were  enabled  to  maintain  respiration.  At 
this  point  some  ballast  was  thrown  out.  The  ascent  became 
more  rapid,  and  Tissandier  fainted.  The  balloon  then  descended. 
On  recovering,  all  being  well,  more  ballast  was  thrown  over, 
and,  at  the  same  time,  Spinelli  threw  overboard  the  aspirator, 
weighing  80  pounds.  In  the  sudden  rise  that  followed  Tissan- 
dier became  unconscious,  and  remained  so  for  an  hour.  When 
he  regained  his  senses,  he  found  the  ball  >on  rapidly  descending, 
and  very  little  ballast  left.  The  other  occupants  of  the  car  were 
both  dead,  their  faces  black  and  covered  with  blood  which  had 
escaped  from  the  mouth  and  nose. 

The  maximum  height  recorded  bv  the  instruments  was  over 
28,000  feet.  It  is  probable  that  death  was  caused  by  suffoca- 
tion, the  result  of  the  second  rapid  transition  to  a  very  rarefied 
atmosphere  which  followed  the  casting  out  of  the  aspirator. 

On  many  previous  occasions  lite  had  been  lost  on  the  earth's 
surface.  The  deaths  of  Sivel  and  (Voee-Spinelli  were  the  first 
recorded  in  the  uppermost  regions  of  the  air,  and  great  were 
the  honors  paid  by  France  to  her  martyrs  in  the  cause  of  science. 

192.  Balloon  Traffic. — During  the  investment  of  Paris  bv  the 
Prussians,  in   1870,  a  regular  balloon  service  was  established. 
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These  balloons  were  spherical,  and  contained  about  70,000  feet 
of  gas.  They  were  started  in  the  evening.  In  the  four  months, 
beginning  with  September  23,  sixty-four  left  Paris,  laden  with 
161  passengers,  and  nine  tons  of  despatches,  containing  about 
3,000,000  letters.  Out  of  the  total  number,  57  reached  their 
destination,  2  were  lost  at  sea,  and  5  were  captured  by  the 
Prussians.  By  this  means  Jansen,  the  astronomer  and  physicist, 
escaped  from  the  beleagured  city,  and  taking  his  instruments 
with  him  made  observations  in  the  south  of  France  on  an 
eclipse  of  the  sun. 

193.  Resistance  of  Air  to  Moving  Body. — In  (132)  the  resistance 
of  water  to  the  movement  of  bodies  therein  was  discussed,  and 
experimentally  illustrated.  In  the  same  manner,  though  to  a 
less  extent,  air  resists  the  passage  of  objects.  This  is  shown  by 
the  instrument  known  as  the  guinea  and 
feather  tube,  Fig.  72.  It  consists  of  a  stout 
glass  tube,  three  inches  in  diameter,  four  or 
live  feet  long,  and  hermetically  sealed  below. 
The  upper  part  is  closed  air-tight  by  a  brass 
cap,  through  which  a  brass  tube  provided 
with  a  stopcock  passes.  In  the  interior  of 
the  glass  tube,  a  disk  of  brass  and  a  disk  of 
paper  of  equal  size  are  placed. 

when  the  apparatus  is  filled  with  air,  and 
quickly  inverted,  the  metal  drops  immedi- 
ately from  one  end  of  the  tube  to  the  other, 
while  the  paper  slowly  sinks,  requiring  at 
least  ten  times  the  time  occupied  by  the 
metal  to  pass  through  the  length  of  the  tube. 
Attaching  the  tube  to  the  air-pump,  exhaust- 
ing it,  closing  the  stopcock  A,  removing  the 
apparatus  from  the  air-pump  plate,  and 
again  quickly  inverting  it,  the  paper  and  the 
metal  fall  together  from  one  end  of  the  in- 
strument to  the  other.  If  the  vacuum  is 
good,  there  is  no  perceptible  difference  in 
their  velocity.  The  paper  moves  as  rapidly 
as  though  it  were  a  mass  of  lead.  Opening 
the  stopcock,  and  admitting  air,  the  paper 
comports  itself  in  the  normal  manner,  and 
sinks  slowly.  The  natural  explanation  of 
the  phenomena  in  question,  is  that  air  resists  the  passage  of 
objects,  acting  in  this  respect  in  the  same  manner  as  a  fluid. 

When  the  rate  of  movement  is  rapid,  as  in  the  case  of  a  rail- 
road train,  the  resistance  of  the  air  is  then  very  evident,  the 
hand  readily  perceiving  it,  and  if  the  head  be  passed  outside  of 
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the  car  window,  with  the  face  turned  in  the  direction  of  the 
motion,  serious  interference  with  the  act  of  respiration  is  experi- 
enced. It  is  this  resistance  of  air  that  chiefly  puts  a  practical 
limit  to  the  rapidity  of  movement  of  railway  trains.  It  also 
quickly  reduces  the  velocity  of  the  rifle-bullet,  and,  in  order  to 
avoid  it,  the  lightning  flash  is  driven  to  a  zigzag  course. 

194.  Parachute. — In  the  use  of  balloons  accidents  have  at  times 
occurred,  either  from  the  valve  becoming  fixed  or  from  rents  in 
the  balloon.  Under  these  circumstances  the  aeronaut  is  enabled 
to  leave  the  machine  by  the  apparatus 
in  question.  A  parachute  mav  be  de- 
scribed as  an  immense  umbrella  some 
1(>  feet  in  diameter,  and  capable  of 
being  folded  dp  in  the  same  manner. 
In  the  top  there  is  a  small  opening. 
Leaving  the  balloon  the  parachute 
expands,  and  descends  slowly  on 
account  of  the  resistance  of  the  air  to 
the  great  area  of  surface  it  offers. 
The  air  being  compressed  in  the 
hollow  of  the  apparatus  escapes 
through  an  opening  in  the  top,  thus 
the  descent  is  regulated,  and  freed 
from  the  swaying  motion  it  would 
otherwise  hare. 


19fi.  Rate  of  Movement  into  a  Vacuum. — The  resistance  of  air 
to  moving  bodies  shows  that  though  very  mobile  its  particles 
have  a  certain  amount  of  viscosity,  and  require  time  tor  the 
execution  of  movements.  It,  therefore,  follows,  that  as  time  is 
required  by  the  molecules  of  air  to  get  out  of  the  wav  of  a 
rapidly  moving  body,  time  must  also  be  required  for  them  to 
till  in  the  space  behind  an  object  in  rapid  motion.  When  the 
velocity  of  the  body  is  very  great,  as  when  a  cannon-ball  first 
leaves  the  mouth  of  a  gun,  there  is  an  almost  perfect  vacuum 
for  a  certain  distance  behind  the  shot.  The  question  urines, 
What  is  the  rate  at  which  air  can  flow  into  this  vacuum* 
Many  attempts  have  been  made,  and  various  methods  adopted, 
for  the  solution  of  this  problem.  That  which  appears  to  offer 
the  greatest  probability  of  accuracy,  places  it  at  about  1280  feet 
per  seeotid,  which  in  more  rapid  than  the  rate  at  which  sound 
traverses  the  atmosphere  under  ordinary  conditions. 

196.  The  Cannon  Report  and  Thunder.— In  explanation  of  these 
phenomena,  the  following  experiments  are  offered.     At  A  B. 
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Fig.  74,  the  instrument  known  as  the  water  hammer  is  repre- 
It  i8  made  of  glass,  stout  enough  to  resist  the  pressure 
of  the  air  when  :i  vacuum  is  made  in  its  interior.  The  tubular 
portion  B  is  somewhat  more  than  half  filled  with  water.  The 
space  above  ihis  is  vacuo  as  or  contains  vapor 
of  water,  no  air.  Holding  tin*  instrument  in 
the  position  represented,  and  giving  it  a  rapid 
upward  movement,  which  is  suddenly  changed 
to  a  downward  one,  the  column  of  water  either 
tii"  bottom  of  the  tube  or  breaks  into 
two  portions.  The  upper  mass,  drawn  down 
by  gravity,  falls  on  the  bottom  or  lower  por- 
tion, and  striking  it  emits  a  clicking  sound. 
To  produce  this  result  the  vacuum  must  he 
Mlj  good,  since  the  presence  of  even  a  small 
portion  of  air,  by  its  elasticity,  takes  off  the 
iboclt  and  prevents  emission  of  sound.  From 
tlii- we  tears  that  two  fluids  or  a  fluid  and  & 
solid  striking  against  each  other  in  a  vacuum 
(iroduce  sound  vibrations  which  pass  from  the 
fluid  through  the  glass  to  the  air,  and  so  affect 
our  sense  of  hearing. 

hi  the  experiment.  Fig.  75,  A  B  represents 
•i  glass,  the  upper  mouth  of  which,  A,  has  been 
emed  air-tight  by  a  portion  of  bladder  or  some 
ntmbrasona  structure.  Placing  the  instru- 
ment with  its  other  mouth,  B,  on  the  plate  of 
ii  Mr-pump,  and  proceeding  to  exhaust,  the 


I   tlit-  atmosphere  borne  by  the  mem- 
brane at  last  becomes 


great  that  it  suddenly  ruptures,  and 
column  of  air  falling  on  the  plate  of  the  air-pump  produces 
Mound  almost  equal  to  that  of  a  pistol-shot.     In  this  ease,  the 
noiw  has  originated  in  the  sudden  impact 
II  a  solid,  there  being  compara- 
'■''ly  link-  air  intervening  to  interpose 
,[-  tfarticjty. 

With  these  illustrations  before  us  we 
*n  nnderstand  the  origin  of  the  sound 
Wilted  by  a  ritle-shot  in  its  passage.  Its 
■  ►  ■  I .-i c ■  j  t y  approaching  a  couple  of  thousand 
feet  per  second  as  it  leaves  the  gun,  a 
'«uam  is  of  necessity  formed  behind  it. 
Into  this  cylindrical  track  of  vacuum  the 
■■ir  rushes  at  the  rate  of  over  1200  feet  per  i 
'ides.  The  opposing  columns  meeting  at  the  axis  of  the  cylinder 
produce  sound,  just  as  it  is  produced  in  the  water  hammer  when 
olamna  of  water  strike  together  in  the  vacuum. 
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In  the  track  of  the  lightning  flash  a  vacuum  is  also  produced. 
The  reverberations  of  thunder  which  accompany  lightning  in 
its  course  are  the  clashing  together  of  the  walls  of  the  vacuous 
track  the  lightning  has  cleaved  through  the  atmosphere.  Verily 
no  better  evidence  of  the  materiality  of  air  can  be  ottered  than 
the  fearful  crash  which  attends  the  striking  of  lightning  near  by. 


CHAPTER   XIY. 

BAROMETRY. 

Galileo's  explanation — Torricelli's  experiment — Pascal's  experiment — Pressure  of 
the  atmosphere — Cistern  barometer — Fortin's  barometer — Siphon  barometer 
— Wheel  barometer — Glycerine  barometer — Errors  in  barometric  reading— 
Barometric  variations — Mean  barometric  heights — Cause  of  barometric 
variations — Barometric  variations  and  the  weather — Barometer  and  the  winds 
— Barometer  and  the  death  rate. 

197.  Galileo's  Explanation. — The  explanation  of  the  principle 
upon  which  the  barometer  depends,  is  best  attained  by  a  brief 
review  of  the  history  of  its  discovery.  About  the  year  1642, 
an  attempt  was  made  at  Florence,  in  Italy,  to  raise  water  by 
means  of  a  lift-pump  to  the  upper  stories  of  a  palace  which 
had  been  recently  erected.  Galileo,  the  leading  philosopher  of 
the  day,  was  called  in  consultation  by  the  Grand  Duke,  and 
after  many  experiments  found  that  no  matter  how  perfect  the 
construction  of  the  pump,  water  could  not  be  raised  thereby  to 
a  height  greater  than  about  thirty  four  feet. 

In  those  days  the  cause  of  the  rise  of  water  in  a  pump  was 
attributed  to  "  Nature's  horror  of  a  vacuum. v  This  explanation 
had  passed  unchallenged  for  many  centuries.  Galileo  gave  it  ad 
his  opinion,  that  the  reason  why  a  pump  could  not  raise  water 
higher  than  thirty-four  feet  was  because  that  was  the  limit  to 
which  the  pressure  of  air  could  force  it,  an  explanation  which 
had  been  suspected  as  far  back  as  the  days  of  Aristotle. 

198.  Torricelli's  Experiment. — Torricelli,  a  pupil  of  Galileo's, 
sought  to  prove  his  master's  explanation.  lie  suggested  that 
since  air  had  been  shown  to  have  weight,  the  true  reason  why 
the  water  rose  in  the  pump  was  because  the  air  pressed  on 
the  surface  of  the  water  in  the  cistern,  ami  so  forced  it  up. 
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The  reason,  he  added,  why  there  was  a  limit  to  the  height  was, 
because  when  the  air  had  forced  up  a  column  of  fluid  equal  to 
its  own  weight,  equilibrium  was  established,  and  no  further  rise 
was  possible. 

In  demonstration  of  this  theory  he  proposed  the  following 
experiment.  Substituting  mercury  for  water,  he  argued  that 
since  it  was  thirteen  and  a  half  times  as  heavy  as  water,  and  a 
pump  could  raise  water  about  34  feet,  therefore  it  should  raise 
mercury  about  30  inches.  Finding  that  such  was  the  case,  he 
contrived  the  instrument  we  now  know  as  the  barometer,  or 
measurer  of  the  weight  of  air. 

For  the  construction  of  the  barometer,  a  tube,  A,  of  stout  glass 
is  required.     It  should  have  a  bore  about 
one-quarter  of  an  inch  in  diameter,  and 
be  thirty-four  inches  in  length.     One  ex- 
tremity, A,  should  be  hermetically  sealed, 
and  the  other  open.     It  should  be  chem- 
ically clean  in  the  interior.     It  must  be 
filled  with  pure  mercury,  and  every  bub- 
ble   or    trace   of  air   carefully   removed. 
This  mav  be  done  in  the  following  man- 
ner,  when  the  object  is  to  offer  a  lecture- 
room   illustration  of  the  construction  of 
the   instrument.      The   tube   is    tilled   to 
within    half  an  inch   of  the  open  end,  it 
is  then  closed  by  the  linger,  and  inclined 
so  that  the  large  entrapped  bubble  of  air 
passes  to   the  other  end.      In  its  course 
it    licks    up    all    the   small  bubbles   that 
have   been  caught  between  the  mercury 
and  the  wall  of  the  tube.     The  removal  of 
the  air  may  be  facilitated  by  heating  the 
tube ;  the  bubbles  of  air  are  thus  expanded. 
The  tube  finally  assumes  the  appearance 
of  a  rod  of  polished  steel.    For  the  method 
of  filling  the  barometer  for  accurate  scien- 
tific research,  see  (3d,  206). 

All  air  having  been  removed,  the  tube  is  filled  with  mer- 
cury. Its  open  extremity  is  closed  by  the  finger,  and  it  is 
placed  with  its  mouth  downwards  under  the  surface  of  mer- 
cury in  a  small  basin  or  cistern,  1$.  Removing  the  finger  from 
the  mouth  of  the  tube,  the  mercury  drops  from  the  upper 
or  sealed  extremity,  and  after  a  few  oscillations  stands  at  a 
vertical  height  of  about  thirty  inches  above  the  level  of  that 
in  the  basin.  The  empty  space  between  the  top  of  the  mer- 
cury and  the  top  of  the  tube  is  called  the  Torricellian  vacuum. 
It  was  for  long  supposed  to  be  a  perfect  vacuum,  but  is  now 
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known  to  contain  traces  of  vapor  of  mercury,  together  with 
moisture,  and  the  last  portions  of  air  which  cannot  be  removed. 
Any  movement  of  a  barometer  thus  constructed  is  attended 
by  oscillations  of  the  liquid  in  the  tube.  It  often  strikes  the 
sealed  end  with  such  force  as  to  cause  fracture  of  the  glass.  To 
avoid  this  the  tube  should  be  held  in  an  inclined  position,  the 
mercury  then  rises  to  the  top  and  there  remains.  There  is  then 
no  oscillation  and  liability  to  fracture  is  avoided. 

The   manner   of  action    of  air   in   forcing  mercury    up  the 
barometer   tube,  may  be   illustrated   by  the  following  experi- 
ment.    Let  A  B  represent  a  jar  three  feet  in 
F*G    ::  height  and  four  inches  in  diameter.     Suffi- 

cient mercury  is  poured  into  it  to  make  a 
layer  half  an  inch  deep  at  the  bottom.     Into 
this  a  tube,  C,  longer  than  the  jar,  and  with 
g^U  both  ends  open,  dips.     The  mercury  is  seen 

to  stand  at  about  the  same  level  in  the  tube 
and  in  the  jar.  Let  water  be  poured  into 
the  jar.  It  presses  upon  the  surface  of  the 
mercurv  at  A ;  as  more  water  is  added  the 
mercurv  rises  higher  in  the  tube.  In  like 
manner,  pressure  of  the  air  upon  the  surface 
of  the  mercurv  in  the  cistern  of  a  barometer 
forces  that  liquid  up  its  tube. 

199.  Pascal's  Experiment. — Torricelli  did 
not  long  survive  his  discovery.  Shortly  after 
his  death,  Pascal  took  the  subject  up,  and 
completed  the  demonstration  by  two  methods 
of  procedure. 

1st.  He  argued  that  if  Torricelli's  explana- 
t;on  is  correct,  and  the  mercury  is  sus- 
pended in  the  barometer  tube  by  the  pres- 
sure oi  air.  it  fallows,  that  if  the  instru- 
ment is  carried  up  a  mountain,  and  the 
column  of  pressing  air  reduced  in  altitude,  the  mercurv  must 
fail  :r.  the  tube,  and  >tand  at  a  much  lower  level.  Umler  his 
direct:  »n  the  exj-erimen:  was  tried  «»:i  the  summit  of  the  Puv 
de  I  ••"•me.  in  Auvergr.e.  when  it  wa>  f  -;:nd  that  the  level  of  the 
mercery  was  three  inches  lower  than  it  wa*  at  the  base  of  the 
iij*>U!.ta:n. 

l'a^-.-al's  exw-r.Tiient  may  be  illustrated  by  placing  a  barotn- 
eter  U'.der  a  tall  air-pump  iar.  On  exhausting  the  jar.  and 
*■•  re«l-  ng  ti.e  prepare  upvn  the  mercury  in  the  cistern,  the 
same  effect  is  pri*luced  as  though  ti.,.  instrument  wa*  car- 
ried ;:•  a  mountain.  a:.d  the  i:«ju:d  talis  in  the  tube.  By 
pi-Ling  exhaustion  tt>  the  extreme,   the   mercurv  in  the  tube 
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ml  that  in  the  cistern  may  be  made  to  occupy  very  nearly  the 

*me  level.      Restoring  the  pressure  of  air,  the  mercury  again 

*es  in  the  tube,  and  with  restoration  of  the  original  pressure 

it  regains  its  normal  height  of  thirty  inches  above  the  level  of 

that  in  the  cistern. 

The  second  method  of  Pascal  was  to  repeat  Torricelli's 
experiment  with  a  variety  of  liquids.  Using  a  tube  fifty  feet  in 
length,  and  manipulating  with  it  as  a  barometer,  be  found  that 
when  it  was  tilled  with  water  that  liquid  stood  at  an  altitude  of 
iiiftv-fuur  feet,  or  thirteen  and  a  half  times  as  high  as  the 
olurnn  of  mercury.  Mercury  being  thirteen  and  a  bail'  times 
I  heavy  as  water,  it  followed  that  the  weight  of  the  column  of 
water  was  exactly  equal  to  the  weight  of  the  column  of  mercury 
used  in  Torricelli's  experiment.  Consequently  the  columns 
were  in  each  case  supported  by  the  same  force,  and  that  could 
be  none  other  than  the  pressure  of  the  air.  Experiment*  with 
wine  and  oil  gave  like  results. 

200.  Pressure  of  the  Atmosphere. — If  we  grant  that  the  tube 

and  in  the  construction  of  a  mercurial  barometer  has  a  trans- 

f«M  area  equal  to  one  square  inch,  and  the  mercury  stands  at 

ID  altitude  of  thirty  inches,  it  follows  that  the  column  is  equal 

I"  thirty  cubic  inches  of  mereury.     The  weight  of  this  mass  of 

mercury  is    in_-;ul v    fifteen    pounds.      Consequently   since   this 

btlusea  a  column  of  air  of  equal  area,  it  is  evident  that  Ihr 

prrmire  of   the  atmosphere  on  "  square  inch  of  surface,  is  equal  to 

pounds.    This  is  about  one  ton  to  the  square  foot.     As  the 

■urfiice  of  an  ordinary  human  body  is  about  sixteen  square  feet, 

it  liillnws  that  the  pressure  thereon  must  be  equal  to  sixteen  tons. 

Tht  only  reason  we  are  not  crushed  to  earth  by  this  fearful 

"I'  weight  is.  that  it  acts  on  the  interior  as  well  as  the 

l'xr<_-ri<>r  of  the  body,  and  so  the  exterior  pressure  is  counts r- 

Wuanced  or  neutralized.     That  thiB  is  really  the  case  is  shown 

'>"    the  fact  that  when  pressure  on  any  part  of  the  surface  is 

u niuved,  as  in  the  act  of  cupping,  that  portion  is  immediately 

'"*"<.-,.(!  outwards. 

When  any  gas,  vapor,  or  fluid,  bears  upon  a  surface  in  such  a 
"1J'iiner  as  to  exert  a  pressure  of  fifteen  pounds  on  each  square 
u"  li  of  the  surface,  it  is  said  to  exert  a  pressure  of  one  atmosphere; 
l"J*t  being,  as  we  have  seen,  the  weight  with  which  the  atmos- 
1'livre  presses.  If,  for  example,  steam  in  a  boiler  is  exerting 
•-lire  of  sixty  pounds  on  every  square  inch,  we  say  that  the 
■  force  of  the  steam  is  equal  to  tour  atmospheres  of  pres- 
"Ur*--.  According  to  the  metric  system  atmospheric  pressure 
11  "'  C.  and  the  level  of  the  sea,  is  equal  to  a  column  of 
iitreurv  700  millimetres  in  height,  and  the  pressure  on  a  square 
MMSamtN  is  1.08296  kilogramme. 
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201.  The  Cistern  Barometer. — Various  forms  hare  been  given  to 

the  barometer.     That  usually  employed,  and   the  simplest  in 

construction,  ia  the  cistern  barometer.  Fig.  78.     It  consists  of  a 

Torricellian  tube  about  thirty-lour  inches  in  length, 

Fir.,  TK         which  is  firmly  attached  to  an  upright  support. 

r j    This  is  constructed  that  it  may  be  hung  by  the 

"     top  and  a  perpendicular  position  secured. 

In    measuring    the   height    of   the   column    of 
mercury  in  the  barometric  tube,  the  point  of  de- 
\  I  parture  tor  the  measurement  is  the  surface  of  the 

mercury  in  the  lower  cup  or  cistern.  From  this 
to  the  top  of  the  mercury  in  the  tube  is  the  height 
of  the  column  balancing  the  air  pressure  at  the 
time  of  observation.  It  is,  of  course,  understood 
that  (his  measure  is  taken  with  the  tube  in  a  per- 
pendicular or  vertical  position. 

As  the  mercury  in  the  barometer  rises  and  falls 
in  the  tube,  more  or  less  of  it  passes  into  the 
cistern.  The  quantity  in  the  cistern  being,  there- 
fore, variable,  the  zero  of  the  scale  of  measure- 
ment is  variable.  To  avoid  lliis  error,  the  cistern 
is  made  as  wide  as  possible  in  its  upper  part 
that  the  variations  in  level  may  be  reduced  to 
as  small  a  fraction  of  an  inch  as  possible.  It  is 
this  enlargement  of  the  cistern  that  gives  the 
name  to  this  form  of  instrument.  The  cistern 
is  not  entirely  closed  in  from  the  air,  an  opening 

fis  left  in  the  top,  in  the  position  shown  at  a. 
Through  this  air  has  access  to  the  surface  of  the 
mercury,  and    variations  in  its  pressure  are  not 
interfered  with. 
Comparing  the  altitude  of  the  column  of  mer- 
cury with  [hut  of  the  air  which  it  is  balancing,  the 
—     length  of  the  former  is  exceedingly   small    com- 
'  ""■"'  pared  with  the  latter.      It  is,  therefore,  necessary 

to  read  the  barometric  variations  to  very  small 
tractions  of  an  inch.  Even  in  ordinary  barometers  the  readings 
are  to  hundredths  of  an  inch.  To  read  minute  quantities  sueh 
*  this  with  even  an  approach  to  accuracy,  the  device  known  as 


>•  is  employed. 


802.  Fortius  Barometer.— In  this  tl 
the   preceding   torn,    is  cli 


of  cistern  level  in 
I.  ami  the  instrument  is  at  the 
e  portable.  The  main  difference  is  in  the 
stern.  This  is  composed  ■•!'  a  glass  cylinder, 
hich  is  toriiied  by  a  piece  of   leat'her.  B. 
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Against  the  centre  of  this  a  wooden  button,  C,  presses.  The 
button  is  driven  by  a  screw,  the  bead  of  which  is  shown  at 
D.  By  means  of  this  screw  and  the  flexible  bottom  of  the  cis- 
tern, any  variation  in  level  of  the  mercury  may  be  corrected. 
The  scale  in  this  form  takes  its  departure 
Fw.  79.  from  a  point,  P,  which  projects  downwards 

into  the  cylinder  from  its  cover,  and  which 
may  be  readily  seen  through  its  glass  wall. 
When  an  observation  is  to  be  made,  the 
screw-head  is  turned  either  up  or  down,  as  is 
required,  until  this  point  just  touches  the 
surface  of  the  mercury.  The  level  of  the  mer- 
cury in  the  cistern  is  then  at  the  true  zero  of 
the  scale,  and  correct  readings  may  be  made. 
The  connection  between  the  barometer- 
tube  and  the  metallic  top  of  the 
cistern  is  made  by  means  of  a  Fie.  80. 

disk  of  leather  tied  to  each. 
Through  the  pores  of  this  va- 
riations in  atmospheric  pres- 
sure are  readily  transmitted. 
When  the  instrument  is  to  be 
transported,  the  adjustment 
screw  at  the  bottom  is  to  be 
turned  until  the  mercury  fills 
the  cistern.  The  barometer 
may  then  be  inclined  without 
the  mercury  striking  the  top, 
it  may  be  even  turned  upside 
down — indeed,  that  is  the  safest 
position  in  which  it  can  be 
carried. 

203.  The  Siphon  Barometer. — 
In  this  the  tube  is  bent  in  the 
manner  shown  in  Fig.  80.     It 
consists  of  a  long  arm  A,  and     »,,n,„  i»r.,m*«-. 
a  short  arm  B.    The  long  arm 
ami    short    arm    are   tilled  with    mercury.     The  instrument  is 
then  placed  as  in  the  figure,  when  the  mercury  takes  the  posi- 
tion shown  and  in  the  proportions  given.     The  end  of  the  short 
arm  is  open,  air  thus  gains  access  and  its  variations  in  pressure 
»e  made  evident.     Another  form  is  known  as  Qay-Lussac's. 
Hi*  improvement  consisted  in  the  introduction  of  the  narrow 
V  tube  between  the  larger  and  smaller  tube.     The  instrument 
was  thus  made  portable. 
A  support  and  scale  accompany  the  instrument.     When  a 


reading  is  to  be  marie,  the  top  of  the  mercury  in  the  short  ami 
is  brought  to  coincide  with  the  zero  of  the  scale.  The  pointer 
of  the  vernier  ia  then  adjusted  to  the  top  of  the  mercury  iu  the 
long  arm  and  the  vernier  read  off. 

204.  The  Wheel  Barometer  is  another  form  of  this  instrument. 
It  ia  not  employed  in  scientific  inquiry,  but  is  iu  common  use 
as  a  weal  her  gauge  in  houses.     It  is 
Fro.  81.  a  siphon   barometer  of  the  old  form 

-;  ^  before  Gay-Lussac's  modification  was 

'"  i  introduced".     On  the  mercury   in    the 

short  arm  there  is  a  float,  as  is  shown 
in  Fig.  Hi.  From  this  a  rack  passes 
upwards,  which  works  on  a  toothed 
pinion  on  the  axis  of  the  index.  As 
the  mercury  rises  and  falls  in  the  short 
arm,  the  float  and  its  rack  also  alter- 
nately rise  and  fall,  thus  the  movement 
of  revolution  is  imparted  to  the  index 
through  its  axis. 

'*,  205.  Glycerine  Barometer. — Glycerine 

having    about    one-tenth    the   specific 
gravity  of  mercury,  has  been  employed 
tor  the  construction  of  a  barometer,  in 
»p  which  the  movements  on  the  scale  may 

be  of  considerable  magnitude.  The 
vertical  height  of  such  an  instrument 
should  be  about  twenty-eight  feet. 
The  tube  may  be  ordinary  iron  gas 
pipe  a  little  over  half  an  inch  in 
diameter;  it  can  thus  be  made  to  follow 
such  irregularities  of  course  as  may 
bo  required.  The  upper  termination 
should  be  a  glass  tube  one  inch  in 
diameter,  about  five  feet  long,  and 
hermetically  sealed  above.  This  is  to 
be  arranged  in  one  of  the  upper  stories 
wb«i  bannnuter,  of  the  building,  the  cistern  being  in 

the  cellar.  Every  inch  on  the  ordinary 
barometer  scale  is  equivalent  to  about  ten  inches  on  the  scale  of 
this  instrument. 

Glycerine  vapor  having  very  low  tension  at  ordinary  temper- 
atures of"  the  air,  there  is  very  little  backward  pressure  in  the 
upper  part  of  the  tube.  In  this  respect  it  presents  great  advan- 
tages over  water  in  its  adaptability  to  the  purpose  in  question. 
The  chief  disadvantage  is  that  it  absorbs  moisture  from  the  air. 
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This  may  be  avoided  by  covering  the  glycerine  in  the  cistern 
with  a  layer  of  paraffine  oil. 

806.  Errors  in  Barometric  Headings. — 1st.  Lack  of  purity 
in  the  mercury.  The  presence  of  any  baser  metal  as  lead,  tin, 
zinc,  by  altering  its  specific  gravity,  will  alter  the  height  of  the 
column  of  fluid  required  to  counterpoise  the  weight  of  the  air. 
The  mercury  should  be  purified  both  by  distillation  and  by  the 
aot ion  of  dilute  nitric  acid  in  a  shallow  dish. 

2d.  The  mercury  must  be  perfectly  free  from  oxide  or  it  will 
adhere  to  the  sides  of  the  glass,  and  the  column  will  be  too  long 
too  short,  according  as  it  has  last  moved  upwards  or  down- 
rds. 

3d.  Every  trace  of  air  and  moisture  must  be  removed.     This 
best  done  by  pouring  a  small  quantity  of  mercury  into  the 
tube,  and  boiling  it  for  some  time,  all  air  and  moisture  are  thus 
driven  off.     When  it  has  cooled  to  100°  C,  or  thereabouts,  a 
second  quantity  of  mercury   warmed  to   this  temperature  is 
added.     This  is  also  boiled  for  some  time;  this  process  is  con- 
tinued until  the  tube  is  filled  with  the  fluid. 

4th.  The  tube  should  be  sufficiently  wide  to  allow  perfect 

freedom  of  movement  to  the  column  of  fluid ;  about  half  an  inch 

in  bore  will  answer.     The  instrument  should  be  gently  tapped 

to  free  the  fluid  from  adhering  to  the  glass  whenever  a  reading 

\b  made. 

5th.  In  tubes  that  are  less  than  eight-tenths  of  an  inch  in 
bore,  there  is  a  certain  error  caused  by  capillarity.  This  error 
varies  according  as  the  last  movement  of  the  fluid  was  upwards 
or  downwards.  Tables  for  the  correction  of  these  may  be  ob- 
tained from  special  works  on  the  subject.  They  may  be  avoided 
by  the  use  of  a  tube  with  an  interior  diameter  greater  than  that 
mentioned. 

In  the  siphon  barometer  of  Gay-Lussac,  the  long  and  short 
arm  being  of  the  same  diameter,  the  errors  on  the  two  sides 
nearly  counterbalance  each  other.  A  slight  error,  however, 
•till  remains.  In  one  arm  the  movement  has  been  upwards, 
and  in  the  other  downwards;  consequently  the  curve  of  the 
surface  of  the  mercury  in  the  two  is  not  exactly  the  same. 

6th.  Temperature,  by  expanding  and  contracting  the  volume 
of  mercury,  changes  its  specific  gravity.  This  is  met  by  cor- 
recting all  barometric  readings  to  the  fixed  temperature  of 
32°  F.  or  0°  C. 

207.  Barometric  Variations. — These  are  of  two  kinds.  1st. 
Regular  or  diurnal;  and  2d.  Irregular  or  accidental. 

The  diurnal  variations  are  best  marked  at  the  equator.  They 
are  produced  by  the  rotation  of  the  earth  upon  its  axis,  whereby 


one  portion  of  the  atmosphere  after  another  is  heated  by  the 
rays  of  the  sun.  So  regular  are  these  variations  in  the  tropics 
that  the  barometer  serves  the  purpose  of  a  clock.  At  four  p.m. 
it  is  at  its  lowest;  it  then  rises,  reaching  the  maximum  at  ten 
p.m.;  after  that  it  sinks,  reaching  the  minimum  at  four  a.m.;  it 
then  rises  again,  and  attains  the  second  maximum  at  ten  a.m. 

The  accidental  variations  depend  on  seasons,  winds,  geo- 
graphical situation,  contour,  and  other  causes.  They  are  void 
of  regularity. 

From  the  equator  towards  the  poles,  barometric  variations 
increase  both  in  amount  and  irregularity.  Rhythmic  changes 
which  are  the  rule  in  torrid  regions,  though  they  still  exist  in 
northern  climes,  are  so  masked  by  accidental  variations  that 
they  are  almost  undiscoverable.  At  the  equator  ordinary  varia- 
tions are  within  one-quarter  of  an  inch.  In  the  region  of  New 
York  State  the  limit  is  increased  to  an  inch  and  a  half,  and  at 
25  degrees  from  thcp&le  if  reaches  two  and  a  half  inches. 

208.  Mean  Barometric  Height. — From  what  has  been  said 
above,  it  is  evident  that  this  must  vary  for  each  region.  It  is 
usually  giveu  for  the  day,  month,  and  year. 

Mean  daily  height  is  obtained  by  adding  together  24  hourly 
variations  and  dividing  the  same  by  24. 

Mean  monthly  height,  by  adding  together  the  above  for  a  month, 
and  dividing  by  the  number  of  days  in  the  month.  It  is  greater 
in  winter  than  in  summer. 

M.<n>  imnn'il  height,  by  adding  together  the  preceding  for  one 
year,  and  dividing  by  12. 

At  the  equator  the  mean  annual  height  is  768  millimetres,  or 
28.84  inches.  Between  latitudes  30°  and  40°,  it  attains  its  maxi- 
mum of  763  millimetres,  or  30.04  inches.  North  of  this  it  di- 
minishes. At  sea  level  the  genera!  mean  is  701  millimetres,  or 
39.96  inches. 

209.  Cause  of  Barometric  Variations. — Reviewing  the  account 
of  barometric  variations  at  the  equator  (207),  it  will  be  noticed 
that  at  the  hours  of  the  day  when  the  thermometer  is  the 
highest,  the  barometer  is  the  lowest,  and  vice  lers'i.  From  this 
it  is  evident  that  the  causes  of  these  variations  are  raretacti 
condensation  of  the  air  by  changes  in  temperature.  Elevation 
of  temperature  producing  expansion  of  air,  its  specific  gravity 
diminishes;  it  consequently  rises  and  overflowing  the  cooler 
portions  in  the  upper  regions  there  is  less  air  by  weight  to 
press,  and  the  barometer  consequently  falls. 

The  air  which  has  overflowed  in  upper  regions  of  the  atmos- 
phere being  added  to  that  already  existing  in   the   region  I 


the   region  to 
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which  it  passes,  the  increased  weight  causes  a  rise  of  the 
barometer  in  these  localities.  In  this  manner,  gigantic  aerial 
billows  are  originated  in  the  uppermost  regions  of  the  atmos- 
herc,  which,  as  they  pass  across  continents  and  oceaus,  may 
e  traced  by  the  variations  they  produce  in  the  barometer,  and 
changes  far  out  of  sight  prognosticated  and  their  approach 
heralded. 
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210.  Barometric  Variations  and  the  Weather. — When  the  barom- 
eter  stands  at  about  30  inches  in  New  York,  the  weather  is 
generally  fine;  if  it  rises  above  this,  the  certainty  of  fine  weather 
increases;  if  it  falls  below,  the  probability  of  rainy  weather  is 
greater.  The  barometer  is,  therefore,  capable  of  indicating  ap- 
proaching changes,  and  for  this  reason,  especially  when  in  the 
form  of  the  wheel  barometer,  is  called  a  weather  glass. 

It  must  not  be  forgotten  that  what  the  barometer  really  indi- 
cates is  the  changes  in  the  weight  of  the  air.  Change  which  is 
attended  by  a  rise  in  the  barometer  is  generally  productive  of 
conditions  which  prevent  the  precipitation  of  moisture;  change, 
on  the  contrary,  which  is  attended  by  a  lowering  of  the  barom- 
eter is  usually  favorable  to  this  precipitation.  It  by  no  means 
follows  that  because  the  barometer  falls  it  will  surely  rain. 
The  best  that  can  be  said  is,  that  there  is  strong  probability  of 
rain.  The  final  result  is  largely  influenced  by  the  direction  of 
prevalent  winds.  Winds  which  come  from  over  the  surface  of 
warm  oceans  are  laden  with  moisture,  and  with  a  falling 
barometer  present  conditions  most  favorable  for  rain  or  snow. 
W'inds,  on  the  contrary,  which  come  over  extensive  areas  of 
land,  are  apt  to  be  dry,  especially  if  they  have  surmounted  a 
mountain  range.  Whether  the  barometer  be  high  or  low,  the 
general  tendency  of  such  winds  is  to  produce  fine  weather.  If 
thev  are  attended  by  a  high  barometer,  the  weather  is  almost 
«u  re  to  be  tine. 

211.  Barometer  and  the  Winds. — As  soon  as  an  area  of  dimin- 
ished pressure  is  established  in  any  locality,  the  air  of  regions 
in  the  vicinity  will  flow  towards  it,  and  currents  will  thus  be 
established.    These  movements  are  called  winds.    The  direction 
of  a  wind  indicates  the  positions  of  places  at  which  different 
atmospheric  pressures  are  prevailing.     A  barometer,  therefore, 

not  only  acts  as  a  gauge  of  pressure  of  the  atmosphere,  but  also 

as  a  wind  gauge. 
Suppose  a  difference  of  one-tenth  of  an  inch  in  pressure  at 

two  observatories,  one   hundred   miles   apart.     If  a  series   of 

stations  were  established  between  these,  and  barometers   ex- 
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amincd  at  each,  it  would  be  found  that  their  altitudes  when 
mapped  would  form  a  curved  line,  extending  from  one  observa- 
tory to  the  other.  To  this  modern  meteorologists  have  given 
the  name  of  the  barometric gratlient.  Air  flows  down  this  gradient, 
and  thus  wind  is  produced.  If  this  gradient  is  moderate,  a  gentle 
breeze  arises;  if  it  is  steep,  the  resultant  wind  is  strong. 

From  the  above  facts  it  is  evident  that  but  little  information 
can  be  derived  from  observations  made  with  a  single  barometer. 
Valuable  results  are  only  to  be  obtained  by  numerous  points  of 
observations  extended  over  great  areas. 

Many  causes  beside  that  of  gradients  intervene  to  modify  the 
character  and  course  of  a  wind.  Among  these  are  rotation  of 
the  earth,  also  the  course  of  mountain  ranges,  rivers,  and 
valleys.  When  we  add  the  size  and  shape  of  areas  of  high  and 
low  pressure,  we  can  form  some  conception  of  the  difficulty  of 
collating  ho  many  varying  data,  and  making  an  intelligent  tore- 
cast  of  winds  and  weather. 

A  singular  fact  in  connection  with  the  influx  of  air  towards  a 
region  of  low  pressure,  is  its  tendency  to  assume  a  vertical  or 
whirling  motion.  Even  on  a  small  scale  this  tendency  exists, 
as  we  have  all  seen  in  the  whirling  wind  with  which,  on  the 
approach  of  a  thunderstorm,  particles  of  paper,  shavings,  and 
dust  are  often  carried  to  considerable  altitudes.  On  a  great 
scale  such  whirling  storms  constitute  the  tornadoes,  whirlwinds, 
hurricanes,  and  cyclones  of  the  tropics. 

SIS.  Barometer  and  the  Death  Rate. — The  relations  of  barometric 
indications  to  diseases  and  the  death  rate  have  not  yet  received 
that  attention  from  physicians  which  their  importance  demands. 
One  of  the  leading  hygienic  factors  is  the  proper  maintenance 
of  exhalation  of  vapor  of  water  together  with  other  gaseous  or 
vaporous  substances  from  the  skin  and  mucous  surface  of  the 
lungs.  Anything  which  tends  to  lower  the  capacity  of  the  air 
for  moisture,  or  causes  its  dew-point  and  temperature  to  ap- 
proach, must  in  the  nature  of  things  interfere  with  the  facility 
with  which  vaporization  takes  place  from  both  skin  and  lungs. 
The  action  ot  these  great  excretorv  organs  being  interfered 
with,  certain  noxious  products  of  the  economy  are  not  properly 
eliminated.  They,  therefore,  either  accumulate  in  the  system 
and  produce  blood-poisoning,  or  the  attempt  is  made  to  cast 
them  out  through  some  other  channel.  The  organ  which  is 
thus  forced  into  vicarious  action,  resents  the  imposition,  and  in- 
flammation is  the  consequence. 

We  have  seen  that  a  lowering  of  the  mereurv  in  the  barometer 
is  attended  bv  a  precipitation  of  moisture.  The  conditions  of 
which  wo  have  just  been  speaking  are,  therefore,  present:  inter- 
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ference  to  a  greater  or  less  extent  with  the  functions  of  the 
system  must  follow.  To  persons  who  are  already  enfeebled  by 
protracted  disease,  or  who  are  still  struggling  with  some  fearful 
inflammation,  a  sudden  fall  in  the  barometer  may  bring  dis- 
astrous consequences.  Had  the  physician  been  forewarned  of 
an  approaching  change,  he  might  have  been  able  to  meet  it 
by  suitable  remedies,  and  aided  his  patient  to  tide  over  the 
crisis.  It,  therefore,  appears  to  be  both  wise  and  proper  that 
more  attention  should  be  paid  to  this  subject.  If  physicians 
would  supply  themselves  with  these  instruments,  and  make  even 
a  passing  study  of  their  relations  to  disease,  fewer  mistakes  in 
prognosis  would  be  made,  and  many  a  one  who  otherwise 
passes  away  without  warning,  would  be  enabled  to  set  his  house 
in  order. 


CHAPTER   XV. 

MEASUREMENT  OF  PRESSURES  AND   ALTITUDES. 

"°yle'»  or  Mariotte's  law — Open  compression  manometer — Closed  compression 
manometer —  Exhaustion  manometer — Equality  manometer — Exhaustion 
water- valve — Aneroids — Determination  of  altitude  bv  aneroid  or  barometer 
—Error  in  barometric  determination  of  altitude — The  barometer  in  mines — 
Pressure  and  solubility  of  gases — The  Windmill — Conveyance  of  germs  by  air. 

213.  Boyle's  or  Mariotte's  Law. — We  have  seen  that  the  ba- 
rometer is  essentially  an  instrument  for  measurement  of  pres- 
sure, but  its  indications  are  limited  to  one  atmosphere,  or  about 
fifteen  pounds  to  the  square  inch.  It  is  often  necessary  that 
pressures  surpassing  this,  sometimes  even  a  hundred-fold,  should 
"e  determined;  for  this  purpose  various  kinds  of  manometers, 
to  they  are  called,  have  been  contrived.  They  depend  upon  a 
general  law  of  the  expansion  and  contraction  of  gases,  or  on 
the  action  of  springs. 

Boyle's  or  Mariotte's  law  deals  with  the  compressibility  of 
pses.  It  was  discovered  by  Boyle  in  1662,  and  passes  under 
M»  name  in  England.  In  1679  it  was  discovered  independently 
by  Mariotte,  and  is  known  as  his  law  on  the  Continent.  We 
have  seen  (160)  how  the  volume  of  this  form  of  matter  changes 
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under  variations  of  pressure.     To  measure  these  changes,  Boyle 
contrived  the  apparatus  represented  in  Fig.  82.     It  consists  of  a 
stout  tube  about  four  feet  in  length. 
Fig.  82.  Fio.  B8.       hermetically  seated  at  one  end,  open 

„  _,_;_        at  the  other.     It  is  bent  80  that  the 

closed  extremity  forms  the  short  arm. 
When  it  is  to  be  used  sufficient 
mercury  is  poured  into  the  bend  to 
till  it  to  the  zero  of  each  scale.  A 
column  of  air  is  thus  confined  be- 
tween the  surface  of  the  mercury 
in  the  short  tube,  and  the  closed  ex- 
tremity of  the  tube.  When  more 
mercury  is  poured  into  the  long  arm, 
pressure  is  brought  to  bear  upon  the 
mercury  in  the  bend,  and  so  upon 
the  short  column  of  air.  As  the 
mercury  in  the  long  arm  rises  inch 
by  inch,  Fig.  83,  shrinkage  takes 
place  in  the  length  of  the  column  of 
air  in  the  short  arm.  At  last  when 
the  column  of  mercury  in  the  long 
*rt.w.wmi.'ii.w,  tube  A  B  haw  reached  an  altitude. 

A,  of  30  inches  above  that  in  the 
short  arm,  the  air  in  the  latter  is  submitted  to  a  pressure  of  one 
atmosphere,  and  will  be  found  to  have  diminished  to  one-half 
its  first  volume,  as  at  C. 

At  the  commencement  of  the  experiment  the  column  of  air 
in  the  short  arm  was  already  under  the  pressure  of  the  normal 
atmosphere;  addition  of  an  atmosphere  of  pressure  exerted  by 
the  column  of  mercury  increases  it  to  a  pressure  of  two  at- 
mospheres. We,  therefore,  'earn  that  by  doubling  the  pressure 
on  a  gas  it  shrinks  to  half  its  volume.  If  the  length  of  the 
long  arm  is  sufficient! v  increased,  anil  atmosphere  after  atmos- 
phere of  pressure  added,  the  shrinkage  of  the  column  of  air 
continues  at  a  fixed  rate.  With  three  atmospheres  of  pressure 
it  is  one-third;  ten  atmospheres,  one-tenth  of  the  original 
volume.  This  rate  of  contraction  has  been  verified  by  Dulong 
and  Petit  up  to  twenty-seven  atmospheres. 

From  the  account  given,  the  law  of  the  volume  of  gases  may- 
be briefly  staled  as  follows :  The  temperature  remaining  unchanged. 
the  volume  of  a  stated  quantity  of  a  gas  is  inversely  an  the  pressure. 

For  pressures  less  than  one  atmosphere  the  law  also  holds 
good.  Diminution  of  the  pressure  t<>  one-half,  the  volume  is 
doubled;  to  one-tenth,  the  volume  is  ten-fold,  and  so  on.  The 
experimental  demonstration  of  this  fact  may  he  obtained  bv  the 
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apparatus,  Fig.  84,     B  C  ia  a  deep,  wide  glass  Pio.  84. 

tube  with  a  funnel-like  month   above.      The 

tube  and  funnel  are  tilled  with  mercury  to  the 

line  indicated  in  B.     In  the  mercury  of  this 

deep  pneumatic  trough  a  tubular  bell-jar,  A, 

is  immersed.     In  this  tube  bell  a  column  of  air 

of  known    length   is    enclosed.      When   the 

mercury  is  at  the  eame  level  in  the  tube,  and 

in  the  pneumatic  cistern,  the  air  in  A  is  under 

a  pressure  of  one  atmosphere.     If  the  tube  is 

raised  so  that  there  is  a  difference  of  15  inches 

between  the  level  of  the  mercury  in  it  and  in 

the  tube  trough,  the  pressure  on  the  air  in  the 

tube  receiver  will  be  reduced  to  one  half,  and 

the  column  of  air  will  be  double  the  length  it 

bad  previously. 
While  the  law  of  Boyle  is  sufficiently  exact 

for  all  ordinary  purposes,  it  is  not  absolutely 

true.     Despretz   found   that   when    examined, 

side  by  side  in  tubes  exposed  to  exactly  the         Eipuwion  -it* 

same  conditions,  carbonic  acid  gas,  sulphu  retted       ,«"»«i"i'«i  ito™*. 

hydrogen,  ammonia,  and  cyanogen,  were  more 

compressible  than  air.     Up  to  15  atmospheres,  hydrogen  follows 

the  law  for  air;  beyond  that  it  is  less  compressible.     Even  for 

lirthe  law  ia  not  absolute,  for  Cailletet  has  ex- 
amined it  up  to  600  atmospheres  of  pressure,  p,°-  H&' 

and  finds  that  up  to  80  atmospheres  it  has  a 

maximum  relative  compressibility  ;  after  that  it 

wcomes  less  compressible,  the  compressibility 

dimininhing  more  rapidly  than  in  the  case  of 

hydrogen. 
Asa  rule,  all  gases  deviate  from  the  law  as 

'bey  approach  their  point  of  liquefaction.     The 

plater  the  distance  from  this  point,  the  more 

dwely  do  they  follow  the  law. 

214.  Open  Compression  Manometer.  —  In  its 
simplest  form  this  instrument  consists  of  a 
bottle  or  reservoir,  A , nearly  tilled  with  mercury, 
and  tightly  cloacd  by  a  screw  stopper.  Through 
[his  the  tube  B  passea.  It  is  over  5  feet  in 
'ength,  open  at  both  ends,  and  dips  into  the 
mercury,  nearly  touching  the  bottom  of  the 
wile,  a  second  tube,  C,  passes  through  the 
side  of  the  bottle;  this  is  to  be  connected  with  the  boiler  or 
other  apparatus  in  which  the  gas  or  vapor  is  generated.   Through 
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the  tube  C  the  gas  exerts  its  elastic  force  upon  the  surface  of  the 
mercury  in  the  bottle.  The  mercury  is  consequently  pushed  up 
the  tube  B,  and  continues  to  rise  until  the  column  of  fluid 
balances  the  pressure  exerted  by  the  gas  or  vapor.  The  height 
of  the  column  is  then  read  off  in  inches  of  mercury,  or  it  may 
be  given  in  atmospheres  or  fractions  thereof.  It  may  also  be 
expressed  in  pounds  to  the  square  inch.  This  form  can  only  be 
used  for  moderate  pressures,  the  great  length  of  tube  required  for 
high  pressures  rendering  it  too  inconvenient  for  practical  use. 

215.  Closed  Compression  Manometer. — A   simple  form  of  this 
instrument  is  represented  in  Fig.  8ti.     It  consists  of  a  thick 

glass  tube  of  uniform  diameter  closed  at  one 
end  and  bent  as  at  A,  B,  C.  The  bend  is  filled 
with  mercury.  The  space  A  is  filled  with  air. 
The  stopcock  C  is  connected  with  the  apparatus 
in  which  the  pressure  is  generated. 

As  the  pressure  in  the  generator,  a  steam 
boiler  for  example,  increases,  the  column  of  air 
A'  diminishes.  When,  according  to  Boyle's 
law,  it  has  reached  one-half  its  original  length, 
the  pressure  is  one  atmosphere  in  addition  to 
the  air  pressure,  and  so  one  to  one-tenth  for  ten 
atmospheres,  and  one-hundredth  for  one  hun- 
dred. Since  the  increase  in  pressure  in  the 
boiler  is  partly  counterpoised  by  the  increasing  weight  in  the 
column  of  mercury  that  attends  its  increase  in  height,  the  error 

that  is  thus  introduced  must  be  corrected.  This  is 
a  mere  matter  of  calculation,  and  is  best  done  in 
the  preparation  of  the  scale  which  is  attached  to  the 
instrument,  and  bv  which  its  indications  are  ob- 
served. 


Closet  comprawion 
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216.  Exhaustion  Manometers. — For  the  measure- 
ment of  perfection  of  a  vacuum,  any  of  the  forms 
of  barometer  we  have  described  will  answer.  In 
practice,  however,  it  is  found  that  the  mercurial 
barometer  is  vorv  inconvenient  on  account  of  iti 
length  and  fragility.  To  avoid  these  objections  the 
adjoining  contrivance,  or  exhaustion  gauge,  is  em- 
ployed. It  consists  of  a  tube  closed  at  A,  and 
open  at  E.  The  arm  B  D  is  tilled  with  mercury, 
all  air  and  moisture  being  carefully  expelled.  The 
height  of  the  apparatus  is  about  eight  or  ten  inches. 
The  tube  is  attached  to  a  scale,  and  both  are  en 
closed  in  a  stout  glass  cylinder  fitted  into  a  brass  cap  below  b) 
which  it  may  be  attached  to  an  air-pump,  vacuum  pan,  or  othei 


Exhautftion 
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apparatus,  in  which  the  perfection  of  the  exhaustion  is  to  be 
measured. 

The  working  of  the  instrument  is  as  follows.     The  top  of  the 
column  of  mercury  in  A  having  an  altitude  of  eight  inches 
above  the  level  of  that  fluid  in  D,  when  the  exhaustion  falls 
below  eight  inches  of  mercury  in  the  barometer,  the  mercury 
at  A  begins  to  leave  the  top  of  the  tube.     The  exhaustion  being 
pushed  it  falls  lower  and  lower,  until  when  a  perfect  vacuum 
is  approached  it  stands  at  very  nearly  the  same  level  in  both 
arms  of  the  tube.     If  the  gauge  has  been  perfectly  freed  from 
air  and  moisture  when  the  mercury  was  introduced,  the  level 
B  will  never  fall  exactly  as  low  as  that  in  D.     If  it  does  fall  as 
low,  or  even  lower,  it  shows  that»the  construction  of  the  instru- 
ment is  not  perfect.     Intermediate  pressures  between  8  inches 
and  a  vacuum,  are  indicated  by  the  difference  between  the  levels 
of  the  mercury  of  the  two  arms. 

217.  Equality  Manometer. — It  often  happens  that  in  physio- 
logical inquiries  it  is  necessary  to  know  whether  the  contents  of 
an  air-chamber  or  bell  are  under  the  same 

pressure  as  the  then  prevailing  atmospheric 
pressure.  This  is  determined  by  a  gauge  of 
the  form  represented  atABCD.  It  is  a 
tube  opeu  at  both  ends  and  bent  in  the  manner 
shown.  The  extremity  D  is  attached  to  the 
chamber  or  air-bell.  The  bend  is  filled  to  the 
height  B  C  with  mercury,  water,  or  ether,  ac- 
cording as  greater  delicacy  is  required.  The 
mouth  A  offering  free  communication  with 
the  air,  any  increase  in  pressure  in  the  jar 
over  that  of  the  air,  will  be  shown  by  a  rise 
of  the  fluid  above  B,  any  decrease  by  its  fall.       Equality  manonu-ur. 

218.  Exhaustion  Water-valve. — In  the  preparation  of  solutions 
of  ammoniacal  and  other  gases,  in  water,  and  also  in  washing 
R**e8,it  not  unfrequently  happens  that  partial  vacua  are  suddenly 
formed  in  some  part  of  the  apparatus,  and  the  contents  of  a 
cashing  bottle  or  the  freshly  formed  solution  is  drawn  into 
mother  part  of  the  apparatus  and  lost. 

To  illustrate  this  let  A,  Fig.  89,  represent  a  flask  in  which 
ammonia  gas  is  in  process  of  generation  from  aqua  ammonite. 
It  is  supplied  with  a  safety  tube  B,  which  is  open  at  both  ends 
^d  dips  below  the  surface  of  the  liquid  A.  The  gas,  as  it  is 
generated,  cannot  escape  up  this  tube,  for  its  mouth  is  closed  by 
liquid.  It,  therefore,  passes  by  the  tube  C  to  the  bottom  of  the 
three-necked  bottle,  aud  bubbles  through  the  water  D  contained 
therein.    Any  portions  that  escape   solution   in   D,  pass  out 
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through  the  escape  tube  F  into  a  second    bottle,   and   so  on 

through  11  train  of  httlf  a  dozen  or  more.     Each  of  these  bottles 

is  provided  with  a  safety  tube  E 

].-,,.   »;,  open  at  both  ends,  and  dipping  a 

-^  ■  short  distance  under  the  fluid  it 

B\J  _        Jit_h^       |E  contains. 

II  (f     c  ^^\       I       F  Lotus  suppose  that  from   any 

-•Hk  II      ^     cause  the  space  above  the  water 

in  the  bottle  D  becomes  ex- 
hausted, the  tendency  would  be 
to  draw  water  from  the  next  bot- 
tle through  F,  and  bo  injure  the 
solution  already  formed.  Thi-. 
however,  does  not  happen,  for  tin' 
moment  the  exhaustion  n.';i'h<  - 
a  certain  point  air  rushes  down 
'  '■     - ..i.r-«.ivr.  ti,e  tube  E,  and  any  further  in- 

crease of  vacuum  is  prevented. 
In  like  manner  formation  of  a  vacuum  in  the  flask  A  is  im- 
mediately  checked   by  an  ingress  of  air  through  its  safety  tube 
B,  and  loss  of  any  part  of  the  solution  already  formed  in   D 
prevented. 

In  the  preparation  of  oxygen  and  protoxide  of  nitrogen  ti>r 
the  purposes  of  respiration,  careful  purification  of  these  gases 
by  washing  them  with  various  solutions  is  indispensable.  Each 
bottle  in  the  series  should  be  provided  with  safety  tubes  like 
those  represented. 

219.  Aneroids. — These  are  instruments  for  the  measurement 
of  pressure,  and  having  an  appearance  similar  to  that  of  a  watch 
with  its  graduated  face  and  hands.  They  vary  In  size  from  thai 
of  a  lady's  watch  to  that  of  an  ordinary  clock.  They  derive  their 
name  from",  without,  and  wfc  moisture,  indicating  the  fact  that 
liquid  does  not  enter  into  their  construction.  They  are  of  two 
kinds,  the  first  for  the  measurement  of  pressures  beyond  that 
of  tbe  atmosphere,  the  other  for  those  that  are  less;  the  hitter 
is  called  the  aneroid  barometer. 

The  aneroid  barometer  consists  of  a  metallic  drum,  the  heads 
of  which  are  made  of  very  thin  corrugated  metal.  The  interior 
of  the  drum  is  exhausted:  the  heads  are  consequently  forced 
inwards  by  the  pressure  of  the  air  on  the  outside.  Any  diminu- 
tion in  this  pressure  causes  the  drum  heads  to  recede  from  each 
other,  partly  by  the  elasticity  of  the  corrugated  metal,  and  partly 
by  the  action  of  a  spring.  Any  increase  of  pressure,  on  the 
contrary,  causes  them  to  approach.  By  means  of  a  delicate 
system  of  levers,  these  movements  are  multiplied  and  brought 
to  act  upon  the  hands,  just  as  in  a  watch  the  movements  of  [" 
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main  spring  are  by  a  series  of  wheels  brought  to  bear  upon  its 
hands. 

Instruments  of  this  description  are  constructed   by  Casella 
which  possess  marvellous  delicacy.      Their  portability  gives 
them  a  great  advantage  over  the  mercurial  barometer.     The 
only  difficulty  is,  that  the  multiplying  machinery  is  liable  to 
get  out  of  order;  hence  it  is  necessary  to  compare  their  indi- 
cations from   time  to  time  with   those  of  a  good  barometer. 
Kspecially  are  they  apt  to  give  false   indications  when   they 
have  been  submitted  to  sudden  and  unaccustomed  changes  of 
pressure. 

By  reversing  the  construction  of  the  aneroid  barometer,  and 
*&d  routing  gas  or  vapor  to  the  interior  so  that  it  may  exert  its 
elastic  force  therein,  the  instrument  is  converted  into  a  gauge 
for  measurement  of  compression  or  condensation.  In  this  form 
it  is  now  found  attached  to  steam  boilers,  and  may  be  said  to 
l>e  the  ordiuary  steam-gauge. 

220.  Determination  of  Altitude  by  Aneroid  or  Barometer. — The 

experiment  of  Pascal  demonstrated  not  only  the  point  of  which 

he  sought  proof,  viz.,  that  air  exerted  pressure,  but  also,  that  the 

higher  a  barometer  was  taken  above  the  surface  of  the  earth  the 

lower  did   its   mercury  stand.     This   fact  offers  a  method  by 

which  the  altitude  of  a  mountain,  and  even  of  lesser  elevations 

may  be  determined. 

In  examining  the  extent  to  which  the  barometer  might  be 
used  for  this  purpose,  one  of  these  instruments  was  carried  from 
the  level  of  the  water  in  the  Thames  to  the  top  of  St.  Paul's 
Cathedral.  The  mercury  fell  nearly  half  an  inch,  the  ascent 
being  450  feet.  On  the  summit  of  Mt.  Blanc  the  fall  is  fifteen 
inches  the  elevation  being  about  15,000  feet ;  from  this  it  follows 
that  one-half  of  the  whole  weight  of  our  atmosphere  is  em- 
braced in  a  layer  about  three  and  one-half  miles  thick  on  the 
surface  of  the  globe. 

In  estimating  the  height  of  a  mountain  by  barometer,  observa- 
tions should  be  made  at  the  base  and  the  summit  at  the  same 
tinie.  Corrections  must  be  made  for  the  effects  of  tempera- 
ture on  the  two  columns  of  mercury,  and  also  for  differences  in 
gravity. 

Bv  the  use  of  the  aneroid  barometer  for  this  purpose  many 
of  the  errors  which  arise  with  the  mercurial  barometer  may  be 
avoided.  The  facility  of  conveyance  is  also  an  especial  advantage 
which  the  aneroid  enjoys. 

221.  Errors  in  Barometric  Determinations  of  Altitude. — These 
We  amounted  to  as  much  as  one-twenty-third  of  the  whole 
height.    Ruhlman  has  shown  that  the  cause  of  this  error  is  that 
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the  mean  of  the  temperature  at  the  two  stations,  as  indicated  by 
thermometer!,  was  not  the  actual  mean  of  temperature  of  the 
air  between  those  stations. 

That  thermometers  do  not  give  the  true  temperature  of  the 
air  is  owing  to  the  fact  that  their  indications  are  affected  by 
radiations  from  the  earth  and  from  objects  in  their  vicinity.  In 
the  management  of  meteorological  observations  more  attention 
should  be  paid  to  tliia  fact. 

222.  Barometer  in  Mines. — As  aseent  above  the  earth's  surface 
produces  a  full  in  tlie  barometer,  so  a  descent  beneath  its  sur- 
face produces  an  increase  in  the  altitude  of  the  mercurial 
column.  Variations  in  the  barometer  in  coal  mines  in  which 
find/imp  or  carbu retted  hydrogen  escapes,  are  nf  especial  value  to 
the  miner,  since  they  afford  him  the  means  of  knowing  whether 
this  dangerous  gas  is  escaping  from  the  crevices  in  which  it  is 
confined.  When  the  pressure  of  the  air  is  high,  carburctted 
hydrogen  is  forced  back  into  the  crannies  in  which  it  is  gen- 
erated. When  the  pressure  falls,  it  then  by-  its  elastic  force 
presses  its  way  out,  escapes  from  its  hiding  places  ami  becom- 
ing mingled  with  the  air  of  the  mine,  forms  therewith  a  dun- 
gerous  explosive  mixture.  It  also  exerts  a  poisonous  action  on 
the  systems  of  those  who  are  obliged  to  breathe  it,  and  is, 
therefor*,  doubly  dangerous  and  objectionable. 

223.  Pressure  and  Solubility  of  Gases. — Place  a  glass  containing 
cool  freshly  drawn  water  under  an  air-pump  bell  and  throw  the 
pump  into  action.  As  the  pressure  diminishes,  the  water  will 
become  milky  in  appearance.  This  loss  of  transparency  is  pro- 
duced by  the  formation  of  myriads  of  minute  bubbles  of  air  or 
water  gas,  which  the  water  held  in  solution  at  the  ordinary 
pressure,  but  which  it  was  unable  to  retain  when  the  pressure 
fell. 

Reversing  the  above  experiment  and  exposing  water  to  a  gas 
under  pressure,  it  iB  found  that  it  takes  up  a  larger  proportion 
of  gas  than  at  the  ordinary  atmospheric  pressure.  This  fact 
lies  at  the  basis  of  the  explanation  of  the  formation  of  all 
natural  and  artificial  effervescing  waters  as  well  as  of  effervescing- 
wines.  As  might  be  expected,  the  amount  of  gas  a  fluid  will 
hold  in  solution  is  determined  by  Mariotte's  law. 

As  un  example  of  the  facts  in  question,  we  find,  that  at  ordi- 
nary  pressures  and  temperatures  water  will  hold  about  its  own 
bulk  of  carbonic  acid  gas  in  solution.  If  the  gas  is  freely  sup- 
plied at  a  pressure  of,  say,  four  atmospheres,  and  the  solvent 
action  of  the  water  promoted  by  gentle  agitation,  the  water  will 
take  up  the  same  bulk  of  gas  as  before,  but  this  gas  will  bo 
denser  than  in  the  preceding  ease,  and  there  will  really  be  foi 
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;s  S3  much  in  the  miter 
ordinary  j 


when  the  solution  was  made  at 
That  this  is  the  exnlana- 


oaphenc  pressurt 
lion  is  shown  by  relieving  the  w 
once  it  surrenders  its  excess  of  dissolved  gas,  a  violent  effer- 
vescence being  produced. 

Ir  h  worthy  of  mention  that  when  the  aip  dissolved  in  water 
i?  removed  therefrom,  by  submitting  it  to  the  action  of  a  vacuum, 
it  assumes  an  insipidity  similar  to  that  of  pure  distilled  water. 
When  it  has  regained  its  original  eujiply  of  gas,  its  flavor  returns. 
This  would  seem  to  show  that  though  oxygen  is  generally  stated 
to  be  without  effect  on  the  sense  of  taste,  there  is  something  in 
omneetkw  with  it*  action  which  enables  us  to  detect  its  presence 

the  tree  state  in  water,  or,  we  might  better  say,  its  absence. 


Ml 


224  The  Wind-mill. — As  the  force  of  moving  water  is  applied 
a  motor  in  various  kinds  of  water  wheels,  so  that  of  wind  is 
utilized  in  the  wind-mill.  This  form  of  apparatus  is  extensively 
employed  for  purposes  of  drainage  in  Holland.  It  is  also  used 
in  mills  for  grinding  grain.  In  (he  western  regions  of  the 
United  States  it  is  applied  for  purposes  of  irrigation,  To  pby-. 
■ictsM  it  is  of  interest  in  connection  with  its  use  as  a  motor 
for  pumps  or  other  hydraulic  apparatus  employed  in  raising 
merer  removal  of  drainage  and  sewage. 


225.  Conveyance  of  Germs  by  Air. — -In  closing  this  division  of 
ir  nhiect,  we  desire  to  add  a  few  words  regarding  the  convey- 
ance of  eetrna  by  the  air.  If  pure  distilled  water  is  exposed 
to  :iir,  after  I  white  it  is  found  to  contain  various  forms  of 
■  '"ji>  beings,  some  of  which  belong  to  the  plant  and 
wmo  to  the  animal  kingdom.  For  long  it  was  a  matter  of 
dispute  ae  to  whether  these  were  produced  by  spontaneous  genera- 
t«>n  or  were  conveyed  to  the  fluid  bv  the  air  in  the  form  of 
|  minute  germs  or  spores.  It  is  clear  that  there  is  no 
Wf  Way  between  the  two  theories. 

Alter  innumerable  experiments  it  is  now  generally  admitted 
"'■■■<  r 1 1 ..■  floating  particles  in  air,  which  appear  to  us  88  the 
motes  that  dance  in  the  sunbeam,  are  the  medium  by  which  these 
'pores  or  germs  are  carried.  It  18  true  we  may  not  he  able  to 
BMonr  tbs  germs  themselves  on  account  of  their  minuteness, 
m"  "t  their  presence  and  existence  there  can  be  no  doubt.  If 
M,  by  passing  it  slowly  through  a  long  column  of 
"]!"n  in  a  glass  tube,  and  then  admitted  to  a  flask  containing 
!"ir';  Water,  the  appearance  of  vegetable  and  animal  life  ib 
-rii|Hy  hindered  or  entirely  prevented.  If,  at  the  same  time,  a 
Jar  in  the  immediate  vicinity  is  supplied  with  air  at  the  same 
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rate  and  in  the  same  manner,  but  of  which  there  is  no  tilt  ration, 
organized  beings  appear  in  the  usual  way. 

If  spores  and  germs  capable  of  initiating  constructive  changes 
which  result  in  the  production  of  organized  beings  can  be  so 
small  as  to  be  uudiscoverable  even  by  the  microscope;  if,  mure* 
076?,  such  germs  are  conveyed  by  the  air,  there  is  certainly 
nothing  objectionable  in  the  proposition  that  disease  germs  may 
both  exist  and  be  conveyed  in  the  same  manner.  See  Sehizo- 
mycetes  (601  A).  It  is  scarcely  a  valid  objection  to  such  a 
theory,  that  disease  germs  may  be  supposed  not  to  have  any 
existence.  There  are  many  facts  which  show  that  they  do  exist, 
and  that  in  some  cases,  at  least,  they  are  the  agents  of  retro- 
grade or  destructive  metamorphosis,  just  as  other  germs  are 
agents  of  constructive  metamorphosis. 

Mtfny  diseases,  and  among  them  those  known  as  malarial,  are 
conveyed  by  winds  to  a  distance  from  the  place  of  genera- 
tion. Not  infrequently  a  fringe  of  certain  trees  will  act  as 
a  complete  barrier  to  the  passage  of  such  emanations.  The 
most  rational  explanation  of  such  a  fact  is  that  in  passing  among 
the  leaves  of  the  trees,  the  air  has  undergone  a  removal  or 
destruction  of  the  agent,  spore  or  otherwise,  which  originates 
malarial  trouble  in  the  body.  It  is  easy  to  imagine  that  in  this 
case  the  spores  are  destroyed  or  paralyzed  by  the  emanation  of 
the  plant  to  which  they  are  exposed  an  they  pass  among  its 
leaves.  Absence  of  malarial  disease  in  regions  occupied  by 
terebinthine  or  pine  trees,  would  tend  to  show  that  the  result 
is  probably  owing  to  the  action  of  ozone. 

The  destruction  of  germs  attached  to  motes  in  the  air  may 
in  other  cases  be  very  difficult  of  accomplishment.  It  has  been 
found,  in  the  management  of  disinfectant  apparatus  attached  to 
quarantines,  that  a  temperature  of  212°  F.  or  the  boiling  of 
water  does  not  always  destroy  germ  life.  To  insure  this  result, 
a  temperature  of  250°  F,  or  even  higher  is  requisite.  This  may 
be  readily  attained  by  means  of  an  oven  or  by  high  pressure 
-team.  In  all  cases  of  death  by  diseases  in  which  there  is  any 
probability  of  conveyance  by  germs,  the  physician  should  see  to 
it  that  all  articles  of  clothing  are  destroyed  or  at  least  submitted 
tn  a  temperature  of  800°  F. 

The  dust  which  settles  ou  the  walls  of  rooms  is  often  mi 
unsuspected  agent  in  the  conveyance  of  disease  germs.  Thv 
DMM«  of  an  affected  person  may  have  left  them  in  the  air. 
They  nave  thus  become  attached  to  the  floating  motes  and  so  to 
the  walls.  Here  they  may  remain  for  a  long  time,  until  by  some 
cause  they  become  detached  and,  gaining  entrance  to  a  human 
body,  initiate  the  peculiar  train  of  symptoms  which  they  are 
capable  of  producing.  A  thorough  cleansing  of  the  walls  of 
rooms  is  I  he  only  safeguard  against  this  source  of  infection.     Tin- 
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good  that  is  accomplished  by  such  cleansing  is  shown  by  the 

change  in  odor  of  a  room  after  it  has  been  thoroughly  cleaned. 

With    increase   in    the   penetrative   and    magnifying   power 

of  microscopes,  it  is  not  improbable  that  light  will  bo  thrown  on 

ibis  question  of  the  propagation  of  certain  diseases  by  special 

spores  or  germs.     In  connection  therewith,  we  may  mention  a 

(It  vice    which    offers   some    opportunity    of   entrapping    these 

I  for  examination.     It  consists  of  an  aspirator  (171)  by 

which  air  is  drawn  through  a  tube  which  is  looBely  packed 

with  tine  gun-cotton.     As  is  the  case  with  ordinary  cotton,  this 

tatnpa  the  floating  motes.     To  separate  these  from  the  guu- 

tton,  the  latter  is  dissolved  in  ether,  and  a  very  dilute  collodion 

nncd;  in  this  the  moles  sink  and  may  be  prepared  for  exaniina- 

iou  under  the  microscope  in  the  usual  way. 


CHAPTER    XVI. 


i-luod — Hit'moglobin — Divisions  i>f  jiliysiiilii^ii'iil   effect*,  of  prei- 

turc — Tension  of  oxygon  or  either  gits  respired — Diminution  of  pressure  below 

out  atmosphere — Mul  des  .UcitiUgne* — Symptoms,  of  Mai  des  Montagues— 

Theoretical  explanations'  of  Mill  des  Moiiiiignes — Theory  of  M.  Jourdanct — - 

II»I1i-po    Nclcnesa— Bert's   rarefaction    cylinders — Air    in    eaves— Death   from 

;   :.ir  pressures— lncrea-ii  of  pressure  above  one  atmosphere— Res- 

|.iire  rjiip'n — Phuwln^ii'til  nation  of  moderately  condensed  air 

—  A.-ti ■■!,  of  oijgen  under   high    tension — Oxygen    poisoning — Relation    of 

animal    linues    to    oxygen—  Death    from    increased    pressure — Therapeutical 

dlteu  of  respiring  oxygen — Therapeutical  uses  of  compressed  air— Hygienic 

management  of  compressed  iiir — Impurities  in  compressed  air — Effect*,  of  de- 

i     -Nature  mid  treatment,  uf  decompression  ueeideijU — Relation  of 

baeomatrk  variations  lo  natural  history — Hen's  resume  of  his  results. 

To  place  this  important  matter  in  as  clear  a  light  as  possible 
a  \t  Qeeeaaary  that  we  first  examine  briefly  into  certain  cliaraeters 
"'  'li'  blood,  the  chief  circulating  fluid  of  the  body. 

228.  Composition  of  Blood. — In  all  the  higher  animals  blood 
consists  essentially  of  two  parts :  1st.  A  fluid  portion  called 
pwng,  composed  of  water,  albumen,  fibrin,  and  other  organic 
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bodies,  together  with  various  inorganic  salts.     2d.  Corpus 
or  globules;  these  are  of  two  kinds,  white  and  red.     Wlm 

{flooules  are  the   mother  cells  of  the  red  corpuscles,  and 
atter  are  carriers  of  oxygen  from  the  lungs  to  the  system, 
is  with  the  latter  that  we  are  at  present  especially  concerne 
their  composition,  according  to  condition,  is  as  follows. 

Wet  Corpuscles.  Dry  Corpuscles. 

Water   .                 .56.5  Haemoglobin  .                 .  90.51 

Solids     .        .             43.5  Proteids.  8.ti7 

Lecithin                            .  .54 

100.0  Cholesterin     ...  .25 


100.00 


227.  Haemoglobin. — The  chief  constituent  of  red  blood  cell^ 
mav  be  readilv  obtained  therefrom  bv  breaking  up  the  cell  wal0 
either  by  alternate  freezing  and  thawing,  or  by  addition  of  chlo — - 
roform  or  of  bile  salts.     In  some  creatures  it  is  crystalline  and  in 
others  amorphous.     According  to  Hoppe-Seyler,  its  composition 
in  the  dog  is 

Ctirl>on 53  85 

Hydrogen 7.32 

Nitrogen 16.17 

Oxygen 2184 

Sulphur 0.31» 

Imn    ....                  ....  0.43 

In  addition  there  is  about  3  or  4  per  cent,  of  water  of  crystalliza- 
tion. Besides  the  ordinary  elements  in  proteid  bodies,  haemo- 
globin contains  iron,  to  which  element  doubtless  its  special 
properties  are  due.  It  is  readily  soluble  in  warm  water,  the 
solution  having  a  bright  arterial  color.  Even  though  very 
dilute  this  solution  gives  a  characteristic  spectrum,  a  part  of 
the  red  and  the  greater  portion  of  the  blue  being  absorbed,  and 
two  strongly  marked  absorption  bands  appearing  between  the 
solar  lines  1)  and  E. 

When  crystals  or  solutions  of  htemoglobin,  prepared  as  above, 
are  placed  in  the  vacuum  ot  the  mercurial  air-pump  they  give 
off  a  definite  proportion  of  oxygen  gas,  viz.,  1.76  cubic  centi- 
metre per  gramme,  or  1.34  under  a  pressure  of  one  metre. 
This  oxygen  is  entirely  independent  of  that  entering  into  the 
composition  of  the  substance.  It  is  loosely  associated  with  it, 
and  may  be  added  to  or  dissociated  therefrom  at  pleasure  with- 
out injury. 

The  associated  oxygen  of  haemoglobin  in  solution  may  be 
separated  by  other  means  than  the  vacuum;  among  these  are 
hydrogen,  other  gases,  and  various  reducing  agents  as  ammonium 
sulphide. 
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Haemoglobin  which  has  lost  its  associated  oxygen,  loses  its 
►right  scarlet  color,  the  crystals  become  darker  and  of  a 
mrple  tint.  They  are  also  diehroie,  the  thin  edges  appearing 
retn  and  the  thicker  parts  purple.  The  solution  shows  a 
milar  change  of  hue.  passing  from  light  scarlet  to  a  purplish 
laret  tint  when  examined  in  thick  layers,  but  green  when  in 

The  spectrum  of  reduced  haemoglobin  is  entirely  different 
OB)  ilia!  which  contains  oxygen.  The  two  absorption  bands  ol 
the  litter  liave  disappeared,  and  in  their  place  a  single  broader 
but  fainter  band  has  come  into  existence.  The  blue  also  suffers 
I'/**  alisnrptiou  by  reduced  haemoglobin  (650). 

When  reduced  haemoglobin  is  exposed  to  oxygen  or  to  air 
containing  oxygen,  it  immediately  absorbs  that  gas,  and  if  it  is 
present  in  sufficient  quantity  takes  up  its  full  complement,  one 
gramme  of  crystals  associating  to  itself  1.34  e.  cm.  of  oxygen. 

To  hemoglobin  which  contains  associated  oxygen  the  name  ot 
"  is  given.     When  this  has  suffered  a  dissociation 

i  ttaoxygep,  it  is  called  simple  or  reduced  haemoglobin. 

The  facts  we  have  hereby  acquired  enable  us  to  comprehend 
the  role  which  the  red  corpuscles  play  as  carriers  of  oxygen. 
lieu  function  ia  accomplished  by  virtue  of  their  hemoglobin, 
lii  tii'.'  lungs  they  associate  oxygen  to  themselves,  and  carrying 
it  into  the  innermost  parts  of  the  system,  it  is  there  dissociated 
bj  virtue  of  the  looseness  with  which  it  is  held.  Thus  altern- 
ately the  corpuscles  receive  and  surrender  oxygen,  and  the  de- 
aiiiDil  for  oxygen  by  the  system  is  supplied. 

In  a  similar  manner  hemoglobin  combines  with  carbonic  acid. 
This  case,  however,  differs  essentially  from  that  of  oxygen,  for 
»i'!i  the  latter  scarcely  any  of  the  gas  is  held  in  the  plasma, 
nearly  all  is  in  the  haemoglobin.  In  the  case  of  carbonic  acid, 
M  ill"  contrary,  the  plasma  contains  as  large  a  per  cent,  as  the 
wpusclee. 

M8.  Divisions  of  Physiological  Effects  of  Pressures, — TJnder- 
-  ! i : ■  I :. 1 1 -_-  f  i : s ■  agency  by  which  oxygen  is  conveyed  into  the  in- 
terior of  the  body,  we  are  prepared  to  examine  the  complex 
effects  of  variations  of  pressure  upon  this  act  with  a  fair  degree 
,(  intelligence,  and  with  boiuc  prospect  of  arriving  at  a  correct 
Motion  of  the  phenomena  which  present  themselves. 

f'i>r  sake  of  convenience  the  subject  may  be  studied  under 
'wo  divisions: 

H  Diminution  of  pressure  below  one  atmosphere. 

2"1.  Increase  of  pressure  above  one  atmosphere. 

Cl|r  the  facts  we  are  about  to  give,  science  is  largely  indebted 
'"  M.  Pan]  Bert,  from  whose  work  on  "Barometric  Pressures" 
T*  have  made  the  abstract  presented  in  this  chapter.    The  impor- 
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tance  of  tins  work,  and  the  extent  of  the  field  it  opens,  cannot 
fail  to  lie  appreciated  by  all  who  give  their  attention  thereto. 

229.  Tension  of  Oxygen  or  Other  Gas  Respired. — The  term  ten- 
sion is  frequently  met  in  M.  Bert's  work;  its  significance  is  both 
convenient  and  important.  It  combines  two  factors:  1st.  The 
percentage  of  gas  in  the  mixture;  2d.  The  pressure  in  atmos- 
pheres or  fractions  thereof. 

In  air,  the  per  cent,  of  oxygen  being  20.6  and  the  pressure 
one  atmosphere,  the  tension  is  20.6.  This  is  the  standard  or 
normal  tension ;  from  it  we  have  various  departures,  for  example, 
the  percentage  remaining  the  same,  the  pressure  may  i 


In  the  latter  case,  a  creature  respiring  normal  air  under  a 
pressure  of  five  atmospheres  is  virtually  introducing  into  its 
lungs  more  oxygen  than  if  it  were  respiring  pure  oxygen  at  a 
pressure  of  one  atmosphere,  e.  g., 


In  like  manner,  reduction  of  pressure  reduces  tension,  for  ex- 
ample, 

Pi-nt-Maw-.     I'rvmit*.    ToikIoo. 


. 
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230. — This  may  arise :  1st,  By  ascent  of  a  lofty  mountain  : 
when  symptoms  constituting  Mai  des  Montagues  appear.  2d. 
By  ascent  in  balloons  to  great  heights.  3d.  In  exhausted  re- 
ceivers. 4th.  By  a  reduction  of  the  percentage  of  oxygen  in 
air;  the  tension  may  then  tall  far  below  the  normal  of  20.6,  even 
though  the  pressure  is  more  than  one  atmosphere,  Reduction  of 
tension  in  1st,  2d,  3d,  is  accomplished  by  reduction  in  pn- 
in  4th  the  same  etrect  is  produced  by  reduction  of  the  percentage 
of  oxygen. 

231.  Hal  des  Montagaes. — Travellers  generally  suffer  from  this 
complaint  at  an  altitude  of  10,000  feet.  They  seldom  reach 
17,000  feet  without  serious  inconvenience.     On  the  other  hand 
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(iav-Lussac,  Glaisher,  Burrall,  and  Bixie,  suffered  but  little  at 
an  altitude  of  23,000  feet. 

The  causes  of  these  differences  are  numerous.  One  fact  seems 
to  be  pretty  well  marked,  and  that  is,  that  the  peculiar  physio- 
logical effects  begin  to  appear  about  1700  feet  above  the  line  of 
eternal  snow.  Though  there  are  many  exceptions  to  this,  yet 
it  may  be  said  that  the  more  elevated  the  line  of  snow,  the 
higher  can  the  traveller  ascend  without  suffering  from  Mai  des 
Montagnes.  Much  depends  upon  the  condition  of  the  person 
himself,  great  difference  appearing  in  different  ascents  of  the 
same  mountain,  though  he  is  not  conscious  of  any  material 
difference  in  his  condition. 

232.  Symptoms  of  Mai  des  Montagnes. — Digestion,     Very  little 
appetite,   one-third   or  one-fourth  the   usual   amount  of  food 
satisfies  hunger.     Thirst,  distaste  for  food,  and  even  for  its  sight 
and  odor;  insipidity  of  fluids,  nausea,  vomiting,  are  experienced 
by  nearly  all.     Not  only  are  phlegm  and  bile  thrown  up,  but 
also  blood,  and  the  irritability  of  the  stomach  is  sometimes  so 
great  that  not  even  a  teaspoonful  of  water  can  be   retained. 
Escape  of  bile  into  the  intestine  during  the  paroxysms  of  vomit- 
ing brings  on  diarrhoea,  which  is  aggravated  by  the  intense  cold 
ami  unavoidably  wet  feet. 

Respiration  becomes  short,  frequent,  difficult,  and  interrupted. 
The  oppression  in  the  chest  is  often  attended  by  severe  pain. 
This  with  exaggerated  fatigue  constitutes  generally  the  first 
evidence  of  Mai  des  Montagnes.  Animals  suffer  equally  with 
men. 

Circulation.  Acceleration  of  the  pulse,  though  not  so  frequently 
nientioned  by  authors  as  the  respiratory  and  digestive  symptoms, 
i*  nevertheless  not  less  constant.  The  record  is  as  high  as  140 
and  150  beats  for  great  altitudes.  Acceleration  of  the  pulse  is 
not  transitory,  it  continues  throughout  the  sojourn  at  great 
elevations.  Its  force  also  diminishes,  it  becomes  irregular,  more 
compressible,  and  smaller. 

The  venous  system  shows  fulness  of  the  vessels,  congestion 
°f  the  skin,  lips,  conjunctiva.  Suddenly  these  sometimes  give 
w*y  to  a  death-like  pallor,  menacing  syncope  and  complete  loss 
°f  consciousness.  To  this  train  of  symptoms  hemorrhages  from 
n()se,  lungs,  eyes,  lips,  ears,  intestines,  and  kidney  are  occasionally 
added. 

Locomotion.  One  of  the  earliest  signs  is  a  sense  of  extreme 
weight  in  the  lower  extremities,  a  fatigue  having  no  relation  to 
the  work  done.  The  strongest  and  most  experienced  walkers 
can  only  take  a  few  steps  at  a  time.  Not  only  walking,  but 
any  form  of  exercise  becomes  almost  impossible. 
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Inner  cation.  Fearful  headache,  as  though  the  head  were  hound 
in  a  fillet  of  steel ;  intellectual  depression ;  buzzing  in  the  ears ; 
dulness  of  taste  and  smell ;  sometimes  dimness  of  vision,  som- 
nolence, and  Byncope. 

Aeronauts  experience  similar  symptoms.  The  moral  faculties 
suffer  before  the  physical;  memory  is  obscured;  the  manage- 
ment of  the  balloon  is  forgotten;  the  members  fall  asleep.  At 
great  altitudes  insensibility  often  comes  on  suddenly. 

233.  Theoretical  Explanations  of  Hal  des  Montagues. — Of  these 
there  are  two  groups ;  one  presents  so  curious  a  list  of  absurdities 
that  we  quote  it.  The  other  deals  with  the  mechanical,  physical, 
and  chemical  effects  which  attend  changes  in  barometric  pres- 
sures. 

In  the  first  category  we  may  mention  pestilential  exhalations, 
electricity,  deficiency  of  oxygen,  fatigue,  cold,  diminution  of  the 
weight  supported  by  the  body,  escape  of  gas  from  the  blood, 
dilatation  of  intestinal  gas,  relaxation  of  the  hip-joint  (Hum- 
boldt), excess  of  carbonic  acid.  From  these  fanciful  explana- 
tions, we  turn  to  the 

234.  Theory  of  M.  Jourdanet,  who  reasoned  that  whatever 
might  be  the  affinity  of  blood  corpuscles  for  oxygen  during 
respiration,  it  was  evident  that  in  air  poor  in  oxygen  the 
amount  of  that  gas  taken  up  by  the  blood  would  be  less.  In 
the  rarefied  atmospheres  of  mountains  there  is  less  weight  of 
oxygen  in  each  inspiration,  therefore  the  blood  is  not  so  rich  in 
that  gas  as  at  the  sea  level.  This  poverty  in  oxygen  is  exactly 
the  same  as  though  the  number  of  blood  corpuscles  was  re- 
duced, and  the  consequences  are  also  the  same.  An  ascension 
of  10,000  feet  gives  a  barometric  deoxygenation  of  the  blood, 
just  as  bloodletting  gives  a  corpuscular  deoxygenation,  and 
when  pushed  to  an  extreme  they  are  alike  fatal.  At  moderate 
altitudes,  like  the  great  Mexican  plateau,  the  difference  in  rich- 
ness in  oxygen  is  not  sufficient  t<>  attract  attention  under  ordi- 
nary conditions;  but  when  disease  attacks  the  people  of  these 
plateaus,  the  physician  quickly  recognizes  the  fact  that  it 
is  invariably  of  an  anremic  type,  the  result  of  deficient  supply 
of  oxygen. 

235.  Balloon  Sickness  presents  the  same  symptoms  as  Mai  des 
Montagues.  It.  comes  on  in  aeronauts  later  than  in  those  who 
ascend  mountains,  because  the  former  reserve  the  force  which 
the  latter  have  spent  in  making  the  ascent.  A  similar  lack  of 
foree  results  from  a  sleepless  night,  indigestion,  nr  any  indis- 

r  it  ion.     The  tired   man  and  the  sick  man  are  both  subjects 
Mai  des  Montagues  or  balloon  sickness. 
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( 'r-ii-.-Spiiit'lH  and  Sivel,  in  their  first  high  ascent,  observed 
iliat  at  .in  altitude  where  the  mercury  stood  at  300  millimetres, 
'i;'i  experienced  more  discomfort  than  when  in  Bert's  re- 
081761*.  This  they  attributed  to  the  greater  amount  of  muscu- 
lar exertion,  to  the  great  depression  of  temperature,  and  the 
length  of  their  sojourn  in  the  attenuated  strata.  Regarding 
inhalation  of  oxygen  at  great  altitudes,  they  say  "we  direct 
social  attention  to  the  favorable  effects  of  the  respiration  of 
oxygen  under  diminished  pressure.  Return  of  Btrength  and 
JI'|n'tite.  diminution  of  headache,  reestablishtnent  of  clear  vision, 
Md  Boolnese  of  nerves."  All  these  phenomena  they  had  already 
observed  in  Bert's  cylinders. 

238.  Bert's  Rarefaction  Cylinders. — For  the  apparatus  by  which 
in1  conducted  his  researches,  M.  Bert  tells  us  he  was  indebted 
to  M.  .fourdanet.  For  diminished 
Dtesnrae  the  apparatus  consisted  of 
two  large  cylinders  which  communi- 
cated by  a  door.  They  were  nearly 
seven  feet  in  height  and  more  than 
three  bat  in  diameter.  The  exhaust- 
ing pump  was  driven  by  a  Lenoir 
gM  engine.  A  pressure  of  250  milli- 
metre! could  be  obtained  iu  twenty 
minutes. 

I"  ibis  apparatus*  Bert  verified  the 
■Tttptonu  which  have  boeu  given 
&a  mountain  sickness  and  balloon 
nckness.  It  was  shown  that  they 
prijriu.iud  in  a  deficiency  of  oxygen 
i'i  the  blood,  caused  by  its  dimin- 
ished tension  in  the  air  respired.  Re- 
garding balloon  sickness,  he  says : 

"At  half  an  atmosphere  of  pressure 
WWjthUlg  most  If-  doubled  to  secure 
'he  name  introduction  of  oxygen  as" 
™  only  must  the  respiratory  movements  be  increased  in  force 
*'"!  rapidity,  but  the  heart  beats  must  be  doubled  in  force 
l,l|l  intensity.  This  is  clearly  impossible,  consequently  the  pt-r- 
^Bttge  of  oxygen  in  the  blood  diminishes,  on  this  there  fol- 
io*! uminished  activity  of  the  respiratory  muscles;  the  ampli- 
tDdeof  the  inspiratory  act  becomes  less  and  less.  The  same 
"Spew  with  the  beating  of  the  heart.  The  pulsations  may 
'"-'  mm  Frequent,  but  the  force  of  its  action  is  greatly  dimin- 
jwet  In  like  manner  the  functions  of  every  organ  arc  inter- 
fered with." 


at  the  level  of  the  i 
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237.  Air  in  Caves. — It  so  mo  times  happens  that  in  caves  and 
minus  in  which  sulphides  are  present,  the  oxygen  of  the  air 
uniting  with  the  sulphur  in  the  pyrites  undergoes  a  gradual  re- 
moval, and  the  composition  of  the  air  becomes  seriously  altered. 
As  an  example  of  this  the  following  analysis  of  the  air  of  a 
deep  cave  near  St.  Maurice  is  given: 

Nitrogen 82  M 

Qma 16.88 

GtfMnfe  mi  I]  yd  ride 1  98 

In  this  case,  the  tension  of  the  oxygen  is  about  15  compared 
with  that  of  air  at  21.  It  1b  equivalent  to  an  elevation  of 
6500  feet,  and  not  un  frequently  produces  symptoms  similar  to 
those  of  Mai  des  MontagneB.  It  iB  recorded  that  in  a  copper 
mine  near  Cam-Brea  the  oxygen  tension  is  only  14.5. 

238.  Death  from  Diminished  Air  Pressure. — Iti  ordinary  air  and 

in  mixtures,  death  ensues  when  the  tension  of  the  oxygen  is 
reduced  below  4,  or  for  normal  air  to  a  pressure  of  one-tiftli 
of  an  atmosphere.  With  diminished  pressure,  the  percentage 
of  gas  in  the  blood  diminishes  also,  hut  in  a  little  less  propor- 
tion than  the  law  of  Dulton  would  show.  The  blood  also  loBes 
relatively  less  oxygen  than  carbonic  acid. 

An  animal  placed  in  a  closed  vessel,  an  animal  respiring  in  a 
current  of  air  the  proportion  of  oxygen  in  which  is  steadily  di- 
minishing, an  animal  respiring  air  the  pressure  on  which  ifl 
steadily  diminishing:  all  three  die  in  the  Bame  manner,  viz.,  by 
true  asphyxia. 

Increase  of  Pressure  Amove  One  Atmosphere. 

239.  While  the  earth  presents  great  elevations,  by  the  ascent 
of  which  the  effects  of  diminished  pressure  may  he  observed,  it 
does  not  present  depressions  of  sufficient  extent  to  enable  ub  to 
study  those  of  increased  barometric  pressure.  The  only  depres- 
sions of  any  consequence  are  the  Dead  Sea  and  the  Caspiau 
region;  in  these  the  depression  is  so  insign  iti  cant  that  it  may  be 
disregarded.  Mines  and  caves  might  give  greater  tension  by 
increased  pressure,  hut  any  increase  in  these  instances  is  apt  to 
be  compensated  by  a  poverty  iu  oxygen  (237). 

The  actual  conditions  under  which  increased  pressure  arises 
are  consequently  artificial.  They  are  1st.  Descent  in  the  diving- 
hell;  2d.  Descent  in  the  diving-dress;  3d.  Working  in  CHB- 
sons  used  in  construction  of  piers  for  bridges,  in  deep  water; 
4th.  Sojourn  in  the  condensing  cylinders  of  aeropathic  estab- 
lishments. 
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240.  Respiration  of  Pure  Oxygen. — Though  oxygon  is  the  con- 
stituent of  air  which  supports  t lie  function  of  respi ration,  it 
hat  been  shown  by  direct  experiment  that  hot-blooded  animals 
raw  endure  the  respiration  of  pure  oxygen  but  for  it  compara- 
tively brief  time. 

In  Moral  respiration  the  oxyhemoglobin  in  the  arterial  blood 
is  never  completely  saturated  with  oxygen.  In  respiration  of 
pure  oxygen  it  becomes  in  time  completely  saturated,  and  the 
mi. Hi-  blood  also  takes  on  the  arterial  hue.  "When  this  occurs 
ilk'  functions  of  the  body  are  seriously  disturbed. 

hi  the  case  of  respiration  of  pure  oxygen,  the  tension  of  the 
ptil  100.  If  the  gas  be  breathed  under  n  pressure  of  three 
Itmtpnerefl,  the  tension  is  equivalent  to  300,  and  the  gas  acts 
asavirulent  poison,  quickly  producing  convulsions  which  ter- 
minals in  death. 

By  increasing  the  pressure  on  air  to  about  five  atmospheres, 
its  tension  becomes  100,  and  its  physiological  action  when 
breathed  is  the  same  as  that  of  pure  oxygen.  Increasing  the 
pTMnm  rapidly  to  15  atmospheres,  the  tension  becomes  300, 
and  it  has  the  same  poisonous  action  as  oxygen  under  a  pressure 

■  at --pheres. 

Air  below  a  pressure  of  five  atmospheres  may  be  breathed 
for  a  short  time,  and  if  the  pressure  is  only  two  or  three  atmos- 
I'lii'ivs,  it  may  lie  respired  for  a  considerable  time,  and  often 
with  excellent  effect.  We  may,  therefore,  study  the  action  of 
eon&MMd  air  in  two  states:  1st.  Under  moderate  pressures; 
-<!■  (Jniier  high  tension,  or  over  five  atmospheres  of  pressure. 

241.  Physiological  Action  of  Moderately  Condensed  Air. — Under 
ii'ii-iim  ,,('  tVnin  :Ju  to  tin.  the  following  conditions  appear.    The 
'  IS  U  taken  from  the  experiments  of  \  ivenot. 

lit  Noises  in  the  ear,  arise  also  in  decompression,  from  stop- 
pages in  the  Eustachian  tube;  are  relieved  by  swallowing,  and 
bi  lilmving  strongly  into  the  tube,  at  the  same  time  holding  the 

■  i  shotting  the  mouth. 

^  84  Change  of  voice,  higher  note;  nasal,  difficult  pronuncia- 
tion; hnpoamble  to  whistle  or  hiss;  sometimes  stuttering. 

•A  Smell,  taste,  and  touch  obscured. 

■i'li,  Expansion  during  inspiration,  and  compression  in  ex- 
halation increased. 

Hh.  iJimiuution  in  abdominal  convexity  by  compression  of 


iriti^tinal 


gas. 


8ft.  niiiphragra  and  base  of  lung  lowered. 

«h.  The  lung  during  inspiration,  as  well  as  expiration, 
&«1  of  lne  heart. 

8ft.  Hence  diminution  of  cardiac  impulse  on  palpation,  n 
diminution  of  its  sounds  on  auscultation. 


"A 
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Its  h. 


9th.  Vital  capacity  of  the  lungs  increased. 

10th.  Return  to  normal  pressure;  the  vital  capacity  falls  below 
the  normal.  The  lung  does  not  for  a  time  regain  its  primitive 
volume. 

11th.  Repeated  sojourns  in  the  apparatus  each  day  cause  in- 
creased pulmonary  capacity.  After  3  months  of  air  baths  of 
one-half  hour  each  day,  pulmonary  capacity  was  increased  ooe- 
quarter  without  any  diminution  of  contractile  power  in  the  lung. 

12th.  The  habits  acquired  by  the  diaphragm  and  thorax  con- 
tinue after  completion  of  the  experiments. 

13th.  These  increments  are  common  both  to  extreme  and 
ordinary  respiration. 

14th.  Respiration  less  frequent  by  1  to  4  movements  per 
minute. 

15th,  10th,  17th,  18th.  Repeat  for  frequency  what  has  been 
said  for  depth  from  10  to  18, 

19th.  Inspiration  is  quicker,  expiration  slower;  at  first  qnick, 
then  so  slow  as  to  have  the  appearance  of  a  pause. 

20th.  Increase  in  proportion  of  carbonic  acid.  With  3.7 
atmospheres  there  is  22  per  cent,  more  of  carbonic  acid  than  at 
the  normal  pressure. 

21st.  This  augmentation  is  not  in  the  same  ratio  of  increase 
as  that  of  pulmonary  capacity. 

22d.  It  iB  common  both  to  forced  and  tranquil  respiration. 

23d.  Comparing  the  increase  of  carbonic  acid  with  the  di- 
minished frequency  of  respiration,  it  is  evident  that  the  increase 
is  due  to  the  greater  absorption  of  oxygen. 

24th.  Consequently  after  a  series  of  sojourns  in  condensed 
air,  the  venous  blood  becomes  clearer,  the  temperature  rises, 
muscular  force  is  increased,  hunger  is  greater.  Though  more 
nutriment  is  taken,  the  body  becomes  lean.  If,  on  the  contrary, 
the  pressure  is  very  moderate  and  a  great  deal  is  eaten,  a  person 
may  fatten. 

25th.  Frequency  of  pulse  diminishes  4  to  7  in  the  minute, 
the  diminution  being  greater  when  there  has  been  an  abnormal 
acceleration. 

26th.  Return  to  air  restores  the  normal  rhythm  of  the  pulse. 

27th.  If  the  frequency  of  pulse  has  been  caused  by  respiniTnry 
trouble,  a  permanent  lowering  follows  treatment  by  compressed 
air. 

28th.  Diminution  in  frequency  of  pulse  seems  to  be  merely 
a  result  of  the  mechanical  action  of  compressed  air.  The  in- 
Creased  pressure  increasing  the  resistance  to  the  arterial  VMM 
from  the  heart,  the  number  of  pulsations  is  consequently  di- 
minished. 

29th.  The  curve  of  the  radial  pulse  presents  changes  in  form. 
Its  height  diminishes,  the  line  of  nscent  is  less  rapid,  more 
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oblique,  the  summit  straight  or  slightly  convex,  There  is  dimi- 
nution in  the  capacity  of  the  vessels  and  of  the  quantity  of 
blood  they  contain;  increase  in  the  systole  of  the  heart,  and 
L'reiiter  obstruction  in  the  capillary  circulation. 

3Ut h.  With  return  to  normal  air,  Bphygmographic  tracings 
teenine  their  normal  character. 

Hit  The  radial  pulse  is  changed  to  the  touch;  it  becomes 
naalL  thread-like,  almost  imperceptible. 

:l-il.  Spliygmograpbie  curve  during  increase  of  pressure  is 
above  that  obtained  in  normal  air.  During  this  phase  there  is 
increase  in  the  total  pressure  of  the  blood. 

SSd.  Diminution    in    calibre  of   the   vessels   of   conjunctiva, 

retina,  and   in   the  ear  of  rabbits;  decolonisation  of  the  pupil 

I0d  iris  in  white   rabbits.     The  pallor  of  the  men  who  work  in 

,iir  proves  the  repulsion  of  the  blood  from  the  surface 

to  tin.'  interior  organs. 

84th.  Hence  arise  diminution  in  the  intraocular  pressure, 
rotitraction  of  the  pupil,  pulsation  in  the  ear  and  jaw,  pallor  of 
tympanic  membrane. 

33tb,  Introduction  of  a  manometer  into  the  jugular  vein  shows 
tbatthe  venous  pressure  diminishes  in  compressed  air. 

.  Temperature  increases  in  the  armpit.  If  exposure  to 
eoffipraesed  air  be  of  sufficient  duration,  temperature  in  the 
rectum  also  increases. 

37th.  Blood  leaving  the  periphery  of  the  body,  many  of  the 
internal  organs  are  congested,  and,  hence,  the  symptoms 
connected  therewith. 

38tli.  Compression  of  air  causes  no  direct  evil  results  until  it 
readies  four  and  a  half  atmospheres. 

89th.  In  relaxing  the  compression,  if  the  release  is  too  rapid, 

rious  consequences  arise. 

f'irli.  Sojourn  in  compressed  air  is  less  dangerous  than  re- 
turn to  ordinary  air.  This  produces  congestions,  hemorrhages, 
MB*,  am!  derangements  of  the  circulatory  system.     The  evolu- 


in  thie  system  can  even  bring  on  sudden  arrest  of 
lot]  and  death. 
41st.  The  only  way  to  treat  these  accidents  is  by  an  instant  re- 

'iiipresseil  air. 
In  28th,  29th,  88d,  34th,  37th,  Vivenot  confounds  results  with 
'  of  effects  of  pressures;  with  the  exception  of  the  error 
. . ..!.;.    introduced,  the  Bummary  gives  an  excellent  review  of 

of  moderate  pressure. 

To  this  li-t  of  symptoms  M.  Bert  adds  the  following  state- 

■ento:    With  air  under  pressures  less  than  live  atmospheres, 

■  oxyhemoglobin  is  never  completely  saturated  with  oxygen, 

OOgfa  it  becomes  richer  therein  as  the  pressure  surpasses  the 

■■Mil,     These  moderate  pressures  especially  interest  the  phy- 


sician  and  the  hygienist,  since  they  are  employed  in  therapeutics 
ami  in  various  industries. 

What  appears  to  be  most  interesting  is  the  determination  of 
the  tension  at  which  the  maximum  of  intra-organie  oxidation 
is  attained.  Direct  determinations  of  the  oxygen  absorbed,  of 
the  carbonic  acid  and  urea  excreted  in  a  given  time,  show  that  it 
ie  in  the  vicinity  of  three  atmospheres  or  a  tension  of  about 
sixty  of  oxygen.  Indirect  researches  on  the  rapidity  of  putre- 
faction give  the  same  result. 

In  the  higher  animals  organic  oxidations  augment  in  intensity 
as  the  point  of  saturation  of  oxyhemoglobin  is  reached.  Ob- 
servations on  inferior  creatures,  as  tadpoles  and  larvae,  kept  for 
sottM  time  under  oxygen  tensions  between  twenty-one  and  one 
hundred,  show  that  though  there  may  be  improved  rate  in 
nutrition,  there  is  a  departure  from  the  normal  character  or 
condition  of  the  part.  Germination  of  seeds  is  never  better 
accomplished  than  under  the  normal  pressure  and  tension  of  the 
air,  or  in  a  similar  mixture  of  oxygen  and  hydrogen. 

Though  the  number  of  pulsations  is  diminished,  ami  the 
maximum  lung  capacity  is  increased,  yet  the  volume  of  air 
which  traverses  the  lungs  in  a  given  time  does  not  change 
si-nsibly  in  compressed  air. 

The  greatest  lung  capacity  is  produced  by  the  mechanical 
compression  to  which  the  intestinal  gases  are  submitted.  Arterial 
pressure  is  augmented. 

The  mechanical  effects  of  pressure  on  intestinal  gas  diminish  as 
tin1  pressures  increase,  following  the  law  of  Mariotte.  Passing 
from  one  to  two  atmospheres,  the  diminution  is  one-half;  to 
four,  to  one-quarter;  and  so  on,* 

Though  Vivenot's  theory  of  the  action  of  compressed  air  in 
producing  pallor  is  hardly  tenable,  yet  it  is  not  the  less  true 
tb;it  the  blood  is  driven  from  the  periphery  to  the  central  organs. 
From  this  arise  important  modifications  in  circulation  and  in 
the  nutrition  of  different  parts  of  the  body;  modifications  from 
which  therapeutics  have  been  aide  to  draw  profit 

In  closing  this  article,  we  are  constrained  to  mention 
Bouchard 'i  ingenious  explanation  of  the  pallor  arising  in  com- 
pressed air.  lie  attributes  it  to  compression  of  the  intestinal 
gases,  the  elasticity  of  the  abdominal  walls  exerting  a  suction 
action  in  consequence  thereof. 

242.  Action  of  Oxygen  Under  High  Tension, — The  discovery  of 

the  poisonous  action  of  oxygen  under  high  tension  is  very  in- 
teresting. Experiments  on  vegetables  and  animals,  on  air- 
breathing  and  water-breathing  creatures  of  simple  or  of  com- 
plicated structures,  have  shown  in  the  most  satisfactory  manner 
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._[  it'  oxygen  departs  in  its  tension  to  any  great  extent  from 

li  it  ban  in  air,  death  rapidly  supervenes. 

Convulsions  come  on  in  hot-blooded  animals  quickly  in  air  at 

twenty  atmospheres  oi'  pressure  ;  with  great  rapidity  at  twenty- 

6 ve  atmospheres;  but  evil  effects  are  produced  at  as  moderate 

pressures  as  six  atmospheres.      As  is   shown   in   Fig.    91,  the 


S 


flit v  arising  from  the  convulsions  is  so  great  that  the  animal, 
held    by  one  foot,  stands  out  as  stiff  as  though  it  was 


wood. 


243.  Oxygen  Poisoning. — 1st.  Oxygen  actB  as  a  poison  when 
i in-  Quantity  in  the  blood  reaches  thirty-five  volumes  in  one 
hundred,  the  normal  being  fifteen  to  twenty. 

U,  The    poisoning  ia  characterized    by    convulsions    which 

1  ■ I>  those  of  tetanus  and  epilepsy,  also  those  produced  by 

ttncbalne  and  phenic  acid. 

:-'i.  These  convulsions  are  quieted  by  chloroform,  and  are 
■  .-  'i  I.;,  an  exaggeration  of  the  excitor  motor  power  of  the 
■pint]  cord. 

4tli.  They  are  accompanied  by  more  or  less  diminution  in 
internal  temperature.  Regarding  this,  M.  Bert  says:  "When 
i  for  the  first  time  saw  a  sparrow  under  the  influence  of  con- 
d*Med  oxygen  and  Buffering  violent  convulsions,  I  thought  that 
'he  intra-organic  oxidations  must  produce  exaggeration  in  the 
Imptratore.  Imagine  my  surprise  when  the  thermometer 
ehuwort  exactly  the  opposite  result." 

Microscopic  germs  which  produce  various  fermentations  die 
when  they  are  submitted  to  the  action  of  compressed  oxy 
putrefaction  is  arrested. 


gen; 
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At  6  atmospheres  of  pressure,  normal  air  will  introduce  in  *^ 
the  blood  sufficient  oxygen  to  saturate  the  haemoglobin,  whi^^ 
is  a  dangerous  condition.  ^ 

Above  this  pressure  any  addition  of  oxygen  is  as  oxygen  (Ab- 
solved in  the  plasma,  in  the  corpuscles,  and  even  in  the  tissu 
Oxygen  in  this  state  quickly  suspends  all  further  action  of  t 
oxygen  of  the  oxyhemoglobin.     The  globules  cannot  surren  ~" 
their   oxygen,  and   are  condemned  to  a  perpetual   sat u ratio 
Nothing  is  more  extraordinary  than  this  action  by  presence 
dissolved  oxygen,  stopping,  as  it  does,  all  further  combination 
instead  of  promoting  them. 

This  result  occurs  in  all  living  creattfres  as  well  as  in   reel 
blooded  animals.      The  action  is   permanent.     It  is  a  detiiii 
death.    A  grain  that  has  been  in  a  vacuum  will  germinate  whed 
it  is  planted   in  air.     A  dog  which  has  been  asphyxiated  by 
diminution  of  pressure,  will  revive  when  restored  to  the  air- 
But  a  grain  which  has  been  kept  in  compressed  oxygen,  or  d 
dog  which  has  breathed  compressed  oxygen  to  the  production 
of  continued  convulsions,  never  revives.     They  cannot  carry  on 
the  processes  of  life.    It  is  as  though  the  compressed  oxygen  had 
developed  some  deadly  poison,  which  no  remaining  vitality  can 
overcome. 

244.  Relation  of  Animal  Tissues  to  Oxygen. — Pasteur's  experi- 
ments have  shown  that  microscopic  beings  may  be  divided  into 
two  groups:  One  consuming  free  oxygen,  atrobies ;  the  other 
deriving  their  oxygen  from  organic  matters,  which  they  decom- 
pose, anat'robies.     The  latter  avoid  free  oxygen. 

The  tissues  of  animals  are  of  the  anaerobic  nature;  they  obtain 
their  oxygen  from  oxyhemoglobin,  but  when  this  is  saturated 
with  oxygen,  and  free  oxygen  is  dissolved  in  the  plasma  and  in 
the  tissues,  they  become  sick  and  die  if  the  experiment  has  suffi- 
cient duration. 

It  is  the  nervous  system  which  succumbs  first  under  oxygen 
poisoning.  A  dog  placed  in  compressed  air,  first  has  convul- 
sions, and  these  disturbing  the  harmonies  of  the  vital  mechanism 
cause  death  before  the  other  anatomical  elements  are  acted 
upon.  Action  on  the  latter,  however,  is  only  a  question  of  time. 
The  blood  of  a  dog  which  has  died  of  oxygen  convulsions  will 
reanimate  another  dog  which  is  exsanguined;  but  if  a  portion  of 
this  same  blood  is  still  further  submitted  to  the  action  of  com- 
pressed oxygen,  it  will  kill  a  health}-  animal  into  whose  circula- 
tion it  is  injected. 

245.  Death  from  Increased  Pressure. — Experiments  made  with 
various  gaseous  mixtures,  more  or  less  rich  in  oxygen,  either 
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with  or  without  removal  of  carbonic  acid  by  potash  or  other 
alkali,  confirm  the  following  general  statements. 

The  tension  of  a  gas  being  represented  by  its  percentage  mul- 
tiplied bv  the  pressure,  death  supervenes: 

1st  "VC^hen  the  tension  of  carbonic  acid  rises  to  26  (whether 
the  barometric  pressure  be  above  or  below  the  normal).  In  this 
case  the  mixtures  respired  must  be  surcharged  with  oxygen. 
The  same  applies  to  other  poisonous  gases — e.  g.,  carbon  mon- 
oxide and  sulphuretted  hydrogen. 

2d.  When  the  tension  of  oxygen  reaches  300  (independent 
of  any  special  percentage  and  pressure).  In  the  case  of  pure 
oxygen  it  is  when  the  pressure  becomes  3  atmospheres. 

An  animal  respiring  air  in  which  the  percentage  of  oxygen  is 
steadily  increasing,  and  another  respiring  air  in  which  the  pres- 
sure is  steadily  increasing,  both  show  the  same  symptoms.  In 
pure  oxygen  a  pressure  of  3  or  4  atmospheres,  in  the  air  a  pres- 
sure of  20  atmospheres,  bring  on  oxygen  poisoning. 

246.  Therapeutical  Effect  of  Respiring  Oxygen. — From  the  time 

of  Priestley  many  have  advocated  the  respiration  of  vital  air  or 

oxygen,  and  it  was  for  a  time  employed;  but  having  fallen  into 

disuse,  it  has  only  recently  been  brought  forward  again  as  a 

therapeutical  agent. 

As  ordinarily  prescribed  for  patients,  it  is  given  nearly  pure. 
The  maximum  quantity  administered  in  France  is  30  lnres, 
which  are  consumed  in  from  live  to  seven  minutes.  This  method 
lahors  under  two  objections:  1st.  We  cannot  expect  that  any 
permanent  relief  is  to  be  obtained  by  a  slight  increase  of  the 
oxygen  in  the  blood  during  ten  minutes  or  so.  2d.  As  the 
oxygen  is  pure,  it  is  quite  possible  that  a  sufficient  quantity  may 
be  administered  to  over-pass  that  best  calculated  for  the  maxi- 
mum of  intra-organic  oxidations.  So  shock  may  be  produced, 
*hich  acts  in  the  opposite  manner  to  that  intended. 

It  is  to  be  hoped  that  hereafter  pure  oxygen  will  only  be 
pven  in  alarming  cases  of  asphyxia,  as  in  poisoning  by  carbonic 
oxide  or  by  sewer  gas,  where  there  is  but  little  time  to  act.  The 
proper  method  is  to  employ  an  air  containing  about  60  per  cent, 
of  oxygen,  and  to  continue  the  inhalation  for  an  hour. 

In  the  treatment  of  a  chronic  affection  like  amemia,  the  better 
w&yisfor  the  patient  to  respire  an  air  containing  about  25  or 
80  per  cent,  of  oxygen,  for  a  couple  of  hours  every  day.  For 
this  time,  there  would  be  required  about  a  cubic  metre  of  the 
mixture. 

247.  Therapeutical  Uses  of  Compressed  Air. — Our  knowledge  of 
theuse  of  compressed  air  as  a  therapeutical  agent  is  largely  due 
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to  Junod,  of  Paris;  Tabarie,  of  Montpellier;  and  Pravaz, 
Lyons,  As  the  value  is  better  appreciated  every  day,  it  w 
doubtless  before  long  be  more  generally  employed.  More  tlx* 
twenty  establishments  are  now  in  operation  in  various  Europe- 
cities.  Managers  of  these  employ  different  degrees  of  compr* 
aion,  varying  from  10  to  30  centimetres  of  mercury.  They  ■ 
port  excellent  results  in  the  treatment  of  emphysematous  astlvr** 
chronic  bronchitis;  chloro-anwmia ;  passive  hemorrhages.  It  is  bo 
tonic  and  sedative  iu  its  effects. 


In  asthma  moderately  compressed  air  acts  beneficially,  chiefly 
for  mechanical  reasons.  In  aitmnkt,  on  the  contrary,  its  favor- 
able actioti  is  owing  to  the  better  saturation  of  the  oxyhremo- 
fdobin  with  oxygen.  This  is  evident  from  the  fact  that  in  the 
atter  case  equal  advantages  may  be  obtained  by  the  respiration 
of  air  containing  a  greater  percentage  of  oxygen.  In  asthma, 
though  the  increase  iti  per  cent,  of  oxygen  improves  the  condi- 
tion of  the  patient,  the  amelioration  is  small  compared  with 
that  obtained  by  breathing  the  compressed  air  of  compression 
cylinders. 

There  bus  been  thus  far  too  much  timidity  in  the  therapeutic 
use  of  compressed  air.     In  the  medical  apparatus  the  extreme 

Ercssure  has  hardly  ever  reached  two  atmospheres.     It  might 
e  pushed  without  inconvenience  to  three  atmospheres — to  the 
point,  in  fact,  of  maximum  of  intraorganic  oxidations. 

Pravaz  has  employed  compressed  air  in  surgical  operations.  It 
is  surprising  that  its  application  for  the  reduction  of  strangulated 
hernia  has  never  been  attempted  where  the  intestine  contains 
so  much  gas  as  to  hinder  reduction.  A  pressure  of  an  addi- 
tional  atmosphere  would  diminish   the  gas   to  one-half,  which 
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rould  certainly  be  an  advantage;  and  taxis  might  be  commenced 
1    the  compression  cylinders. 

In  certain  tympanitic  affections  where  suffocation  is  imminent, 
3lief  quickly  follows  a  brief  sojourn  in  a  compression  cylinder. 
»   this  case  the  action  is  mechanical. 

The  employment  of  pressures  beyond  three  atmospheres  for 
lexical  purposes  is  also  worthy  of  trial ;  under  these  conditions 
acre  is  diminution  of  oxidation.  This  offers  an  antiphlogistic 
eniedy  the  value  of  which  has  not  yet  been  determined.  Phy- 
ieians  having  charge  of  workmen  in  the  caissons  used  in  bridge 
>uilding  have  established  the  fact  that  oxygen  at  high  tension 
xercises  a  favorable  action  on  inflammatory  phenomena. 

248.  Hygienic   Management  of  Compressed  Air. — Men   in   the 

caissons  used  in  construction  of  piers  of  bridges  have  not  yet 

been  submitted  to  pressures  where  compression  of  the  air  is 

dangerous.     The  greatest  pressure  thus  far  attained  was  in  the 

bridge  at  Saint  Louis,  where  it  was   nearly  four  and  a  half 

atmospheres.     Anaemia  has  appeared  as  a  consequence  of  such 

severe  pressure,  but  the  complication  of  conditions  is  so  great 

that  it  is  difficult  to  affirm  anything  with  certainty. 

The  necessities  of  engineering  may  at  some  future  time  compel 
a  resort  to  pressures  greater  than  hve  atmospheres.  The  con- 
fluences to  workmen  will  then  become  exceedingly  grave. 
Even  a  brief  exposure  to  ten  atmospheres  would  often  be 
attended  by  sudden  death. 

If  the  construction  of  a  bridge  requires  that  workmen  must  be 
exposed  to  pressures  of  more  than  five  atmospheres,  and  its  im- 
portance is  so  great  that  expense  is  a  minor  affair,  the  result  may 
ta  accomplished  by  the  employment  of  an  air  containing  a  smaller 
percentage  of  oxygen  than  normal  atmospheric  air;  an  air  so  adjusted 
that  under  the  pressure  to  be  employed  the  oxygen  tension  shall 
be  between  21  and  60. 

Air  of  this  character  may  readily  be  obtained  by  the  apparatus 
of  Tessie  du  Motay,  in  which  oxygen  is  prepared  by  separating 
it  from  atmospheric  air.  Air  voided  from  this  machine  consists 
chiefly  of  nitrogen,  most  of  the  oxygen  having  been  removed. 
%  adding  to  this  nitrogen  air  proper  proportions  of  atmos- 
pheric air,  mixtures  can  readily  be  obtained  which  would  at 
v»rious  pressures  provide  an  atmosphere  having  an  oxygen  ten- 
won  similar  to  that  of  normal  air.  Hydrogen  also  might  be  em- 
faytd  for  the  dilution  of  ordinary  air. 

In  preparing  such  mixtures,  if  it  is  desired  to  have  the  oxygen 
at  the  same  tension  as  in  air,  all  that  is  required  is  to  divide  the 
percentage  of  oxygen  in  air  by  the  atmospheres  of  pressure. 
For  ten  atmospheres  of  pressure  the  mixture  would  contain  two 
per  cent,  of  oxygen.     In  practice  it  would  doubtless  be  better 
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to  use  an  air  having  double  the  oxygen  tension  of  ordinary  airp^ 
that  is,  40  instead  of  21.  Under  these  conditions  the  mixture  -^ 
should  contain  four  per  cent,  of  oxygen.  This  under  a  pressure  - 
of  ten  atmospheres  would  give  the  tension  of  40  required. 

249.  Impurities  in  Compressed  Air.  —  Air  in  caissons  or  tubes 
of  compression  is  not  pure.  At  pressures  of  three  and  a  half 
atmospheres  in  the  caissons  of  the  bridge  at  Kehl,  M.  Bucquoy 
found  2.37  per  cent,  of  carbonic  acid  gas.  In  this  case  work- 
men were  breathing  air  which  at  normal  pressures  would  contain 
carbonic  acid  gas  of  a  tension  equal  to  8.30,  which  would  be 
very  dangerous. 

Not  only  carbonic  acid,  but  also  carbon  monoxide  arises  from 
the  incomplete  combustions  attending  the  use  of  artificial  lights, 
or  following  explosions  necessary  in  mining.  Gases  emitted 
from  the  strata  traversed  are  also  to  be  considered ;  in  the  com- 
pressed state  many  of  these  doubtless  have  their  noxious  power 
greatly  increased.  The  proper  remedy  for  all  such  possible 
contingencies  is  thorough  ventilation. 

250.  Effects  of  Decompression. — The  difficulties  of  compression 
having  been  conquered,  it  remains  to  deal  with  those  of  decom- 
pression or  rarefaction,  from  the  highly  condensed  air  to  that  of 
the  normal  atmosphere. 

It  is  obvious  that  under  high  pressures  a  quantity  of  nitrogen 
will  be  dissolved  in  the  blood ,  ana  as  redaction  of  pressure  takes  place  y 
this  icill  assume  the  gaseous  state.  Even  with  ordinary  air  in  the 
compressed  state  accidents  have  arisen  from  this  cause.  It  is, 
therefore,  evident  that  with  condensed  atmospheres  so  rich  in 
nitrogen,  the  complication  would  be  exceedingly  grave,  and 
danger  imminent. 

This  difficulty  is  to  be  met  by  a  gradual  relaxation  of  pressure. 
Even  when  the  pressure  does  not  exceed  two  atmospheres  it 
is  well  to  be  careful,  though  there  is  rarely  immediate  danger. 
Workmen  should  be  habituated  to  a  gradual  relaxation  of  pres- 
sure. 

Between  two  and  three  atmospheres  it  is  best  to  allow  half  an 
hour  for  the  relaxation  of  pressure.  Between  three  and  four 
atmospheres  an  hour  should  be  allowed,  and  the  slowness  ot 
relaxation  assured  by  a  properly  arranged  stopcock. 

At  this  point  a  new  difficulty  arises  and  a  very  grave  one.  // 
is  the  intense  add  which  attends  the  exjmnsion  of  air.  Thi9  must 
be  met  by  warm  dry  clothing,  and  the  presence  of  steam  heaters 
in  the  chamber. 

Another  method  for  meeting  this  trouble  is  the  use  of  two 
chambers  of  decompression   both  properly  warmed,  workmen 
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passing  from  that  of  3  to  that  of  2  atmospheres  remaining  about 
a  quarter  of  an  hour  in  each. 

The  longer  men  have  been  hi  the  tubes  the  slower  should 

the  decompression  be,  for  the  tissues  having  absorbed  nitrogen, 

time  must  be  given  for  it  to  pass  first  into  the  blood  and  then 

into  the  atmosphere.     It  is  best  not  to  oblige  the  workmen  to 

work  for  long  terms,  and  they  should  only  labor  one  term  in 

a  day. 

lu  like  manner,  divers  working  about  wrecks  and  in  pearl 
and  sponge  fisheries,  wrhere  the  depth  exceeds  100  feet,  should 
be  provided  with  means  to  enable  them  to  return  gradually  to 
ordinary  pressures. 

251.  Nature  and  Treatment  of  Decompression  Accidents. — In  spite 
of  all  precautions  accidents  occur.  Gas  may  be  freed  in  the 
vicinity  of  the  heart,  in  the  heart,  in  the  spinal  cord.  What 
then  is  to  be  done  ?  Oxygen  should  be  inspired  as  quickly  as  possible. 
For  this  purpose  a  supply  should  always  be  at  hand  compressed 
in  steel  gas  holders.  The  patient  should  first  be  submitted  without 
losing  a  moment  to  air  more  compressed  than  that  from  which  he  has 
wme,  so  as  to  insure  the  return  of  the  free  gas  to  the  state  of 
absorption  in  the  tissues.  Then  the  pressure  should  be  relaxed 
with  extreme  slowness. 

When  compression  has  exceeded  four  atmospheres  it  is  always 
prudent  to  respire  oxygen  immediately  on  returning  to  the 
atmosphere.  Especially  should  this  precaution  be  taken  by 
divers,  even  though  there  is  no  appearance  of  trouble. 

If  paraplegia  appears,  recompression  should  at  once  be  re- 
sorted to  with  respiration  of  oxygen ;  especially  when  the  trouble 
appears  some  time  after  the  return  to  air,  should  these  be 
promptly  used.  It  is  no  longer  a  probability  of  obstruction  in 
the  pulmonary  circulation,  but  a  certainty  of  the  formation  of  a  gas 
bmt  in  the  vessels  of  the  spinal  cord,  and  to  remove  this  compres- 
sion must  be  resorted  to,  and  thereby  enable  the  blood  to  reab- 
sorb it. 

Workmen  in  compressed  air  suffer  more  or  less  from  sudden 
expansion  of  intestinal  gases  on  leaving  the  caissons.  The  froth 
formed  in  the  liquids  of  the  digestive  apparatus  when  pressure 
w  too  quickly  relieved,  occasionally  causes  indigestion. 

252.  Relations  of  Barometric  Variations  to  Natural  History. — In 

dosing  his  investigations  on  the  physiological  effects  of  varia- 
tions in  pressure,  M.  Bert  says : 

The  effects  of  diminution  of  pressure  on  the  geographical 
distribution  of  plants  and  animals,  have  been  demonstrated. 
Thestudy  of  nature  does  not  afford  any  equivalent  illustrations 
of  the  effects  of  increased  pressure,  at  least  as  far  as  aerial 
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creatures  are  concerned.     Regions  lower  than  the  level  of 
ocean,  like  the  Caspian  and  Dead  seas,  have  only  slight  dep*"*^ 
sion  and  few  inhabitants.    We  should  expect  the  case  to  be  V^JA 
different  with  creatures  which  live  at  depths  of  4000  or  50^ 
metres  in  the  ocean. 

The   Bathybius,  which  has   played  so  important  a  part      * 
modern  theories  of  nature,  and  which  some  think  belongs  to  ^ 
mineral  kingdom,  does  not  appear  to  suffer  any  mechanical     *  , 
convenience  from  the  enormous  pressure  to  which  it  is  constar*  "*"  ^ 
submitted,  and  with  which  its  parts  are  in  equilibrium.    It  wo  ^^yq 
be  entirely  different  if  a  creature  accustomed  to  live  at  2^*  — e 
metres  was  suddenly  translated  to  a  depth  of  4000  metres,     f      ^ 
increase  of  pressure  would  produce  a  diminution  in  the  volu 
of  its  body  which  could  scarcely  happen  without  injurious 
sequences.     In  like  manner,  a  creature  transferred  from  4000     ^ 
2000  metres  of  depth,  would  undergo  a  dilatation  that  woi^  ^ 
have  evil  consequences.     It  is  this  dilatation  that  in  all  proL* 
bility  causes  the  death  of  so  many  creatures  brought  from  grcr 
depths  in  dredging  operations. 


Compression  and  relaxation   of  pressure  produce    profout*     ^ 
mechanical    effects   upon    water  creatures   which    have   close*  _ 
swimming  bladders.     In  this  case,  as  M.  Moreau  has  shown,  an  J 
sudden  variation  of  pressure,  by  its  action  on  their  swiinnrin 
bladder  by  diminishing  its  volume,  can  so  modify  their  mear* 
density  as  to  carry  them  many  metres  above  or  below  the  zon^ 
in  which  they  ordinarily  find  their  habitat.     Sudden  exhaustion 
forces  them  to  the  surface,  the  swimming  bladder  dilating  even 
to  bursting.     In  the  other  case  increase  of  density  causes  them 
to  sink  indefinitely  in  the  ocean  abysses,  the  bladder  ever  con- 
tracting, and  the  density  of  their  bodies  increasing  in  the  same 
ratio  as  that  of  sea-water.     Ordinarv  variations  of  barometric 
pressure  are  so  limited  that  they  do  not  appear  to  have  any 
serious  influence  upon  fishes.    Indeed,  if  sufficient  time  be  given, 
these  creatures  can  increase  or  diminish  the  amount  of  gas  in 
the  air-bladder,  either  secreting  oxygen  from  the  blood  or  absorb- 
ing it  from  the  bladder,  as  occasion  requires.     They  thus  adapt 
their  size  and  density  to  such  moderate  variations  of  pressure  as 
ordinarilv  arise. 

When  compressed  oxygen  is  forced  into  water  under  high 
pressure,  aquatic  creatures  placed  therein  die.  To  produce  this 
effect,  the  gas  must  be  compressed  independently  of  any  pressure 
the  column  of  water  may  bring  to  bear  upon  it.  Whatever  the 
depth  of  the  column  of  sea-water  may  he,  it  cannot  increase  the 
proportion  of  dissolved  oxygen.  This  fact  has  been  established 
beyond  a  doubt  by  analyses  of  samples  of  water  taken  at  great 
depths.     Indeed,  there  is,  according  to    the   analyses  of   Lant 
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■penter,  a  less  percentage  of  oxygen  in  sea-water  taken  from 
depths  than  in  that  at  the  surface. 
Sea-water  contains  an  average  of  2.8  volumes  of  gas  to  100 
>f  water.     This  gas  has  the  following  composition  : 

At  surface.  At  great-  depth. 

Oxvgen 25  00  .    19  53 

Nitrogen 54.21  52  60 

Carbonic  acid  gaa 20.84  2787 

Showing  diminution  both  in  oxygen  and  in  nitrogen;  from  this 
two  consequences  ensue:  1st.  A  sojourn  at  great  depths  does  not 
bring  peril  from  increase  of  tension  of  the  dissolved  oxygen. 
2d.  Rapid  relaxation  of  pressure  does  not  produce  evil  effects, 
since  there  is  no  excess  of  nitrogen  dissolved  in  the  fluids  or 
tissues.  Free  gas  is  never  found-  in  the  tissues  of  a  creature 
brought  from  great  depths. 

It  is  a  very  different  matter  if  there  is  a  sudden  influx  of  con- 
densed gas  at  the  bottom  of  a  sea,  even  at  the  moderate  depth 
of  one  hundred  metres.  Then  the  conditions  for  production  of 
increased  tension  of  the  dissolved  gas  exist,  and  every  moving 
creature  that  comes  within  its  reach  is  destroyed.  It  was  doubt- 
leas  owing  to  this  cause  that  in  the  month  of  March,  1882,  such 
extensive  areas  of  the  North  Atlantic  were  covered  with  dead  fish. 
If  we  consider  the  role  which  oxygen  has  played  in  past 
geological  ages,  we  cannot  fail  to  perceive  that  barometric  pres- 
sure has  acted  a  most  important  part  in  modifying  the  character 
of  life  on  the  surface  of  the  globe. 

In  the  first  ages  of  our  planet  the  tension  of  oxygen  in  the 
atmosphere  must  have  been  much  greater  than  at  present,  and 
t»r  two  reasons:  1st.  The  thickness  of  the  atmosphere  was 
greater.  2d.  The  percentage  of  oxygen  also  was  greater,  since 
the  rocks  were  not  yet  cool,  nor  had  they,  in  many  cases,  reached 
their  maximum  of  oxidation.  At  each  successive  epoch  the 
atmosphere  penetrated  deeper  and  deeper  into  the  soil,  and  the 
mass  of  oxygen  diminished  in  proportion.  We  may,  therefore, 
wa  M.  Bert,  imagine  that  there  was  a  time  when  living  creatures 
could  uot  exist  on  the  earth  on  account  of  the  great  tension  of 
the  oxygen  of  its  atmosphere,  and  that  finally  the  time  arrived 
when,  by  reduction  of  its  tension,  their  existence  became  a 
lability. 

There  are,  he  adds,  three  conditions  which  practically  control 
the  existence  of  life.  They  are  temperature,  tension  of  oxygen, 
and  of  carbonic  anhydride.  Creatures  which  resist  the  greatest 
extremes  of  this  triumvirate  belong  to  the  group  of  vibrios.  It 
was  probably  in  them  that  life  made  its  advent,  and  in  them  it 
will  make  its  exit  from  our  planet. 
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253.  Bert's  Resume  of  His  Results. — To  put  the  subject  of  physi- 
ological action  of  variations  in  tension  of  oxygen  in  as  clear 
and  concise  a  form  as  possible,  Bert  gives  a  resume  of  his  work, 
of  which  the  following  is  a  condensation : 

a.  Diminution  of  barometric  pressure  acts  on  living  creatures 
by  decreasing  the  tension  of  oxygen  in  the  air  they  respire  and 
in  their  blood  (anoxyhemie  of  Jourdanet),  and  thus  menacing 
them  with  asphyxia. 

6.  Augmentation  of  barometric  pressure  acts  by  increasing 
the  tension  of  the  oxygen  in  air  and  in  blood. 

Up  to  about  three  atmospheres,  increase  of  tension  produces 
greater  activity  in  intra-organie  oxidations. 

Bevond  five  atmospheres  the  intensity  of  oxidation  diiuin- 
ishes,  it  changes  in  its  character,  and  at  last  with  sufficient  in- 
crease of  pressure  ceases  altogether. 

Consequently  all  living  things,  aerial  or  aquatic,  animal  or 
vegetable,  complex  or  single  celled:  all  anatomical  elements, 
whether  isolated  (as  blood  corpuscles  i,  or  grouped  in  tissues, 
perish,  with  greater  or  less  rapidity,  when  placed  in  air  suffi- 
ciently compressed.  The  ouly  exceptions  to  this  law  are  the 
reproductive  corpuscles  of  certain  microscopic  creatures.  In 
higher  animals  death  is  preceded  by  tonic  and  clonic  convul- 
sions of  extreme  violence. 

In  vertebrates,  sudden  accidents  produced  by  great  tension  in 
the  oxygen  do  not  appear  until  the  hienioglobin  is  saturated 
with  oxygeu,  and  this  eras  is  brought  in  contact  with  the  tissues 
in  a  state  of  simple  solution.  One  can  then  say  that  the  ana- 
tomical elements  are  anaerobies. 

c.  The  ferment  diastase,  venomous  poisons,  and  vaccination 
virus  resist  the  action  of  compressed  oxygen. 

rf.  The  evil  effects  o(  diminution  in  atmospheric  pressure  are 
effectually  prevented  by  the  respiration  of  an  air  sufficiently 
rich  in  oxveen  to  maintain  this  cas  at  its  normal  tension  of  20.9. 

The  effects  of  increase  in  pressure  can,  in  like  manner,  be 
avoided  by  a  sufficient  diminution  in  the  proportion  of  oxygen 
to  a  tension  of  20.1*. 

e.  In  a  general  way,  respirable  and  noxious  gases  (oxygen  and 
carbonic  acid,  for  example)  act  on  living  lyings  according  to  the 
tension  they  |  possess  in  the  atmosphere  containing  them.  This 
tension  is  determined  by  multiplying  their  j»ercentage  by  the 
barometric  pressure.  Increase  in  one  of  these  factors  may  he 
compensated  by  diminution  in  the  other. 

/.  In  animals  with  closed  air-bladders  as  ordinary  fishes)  or 
those  with  sacs  which  only  communicate  with  air  when  empty- 
ing ^intestinal  canal  of  aerial  vertebrates!,  and  also  those  with 
which  communicate  with  air  l»oth  during  compression  and 


EFFECTS   OF    VARIATIONS    IN    DENSITY    OF    AIR.      215 

reinsertion  (lungs  of  aerial  vertebrates),  decrease  or  increase  of 
pre&^  wre  can  only  have  physico-niechanical  effects. 

g.  Sudden  release  from  pressure  of  many  atmospheres,  with 
te\v  exception*  as  in/,  causes  evolution  of  free  nitrogen,  which 
was    previously  dissolved  in  the  blood  and  tissues. 

ft.     Wild  animals  all  over  the  globe  are  accommodated  to  the 
tension  of  oxygen  under  which  they  live.     Decrease  or  increase 
of  pressure  from  the  normal  affects  them  injuriously  when  they 
are  in  health. 

Tberapeutics  might  draw  a  useful  lesson  from  these  modifica- 
tions in  pathological  conditions. 

i.  Barometric  pressure  and  percentage  of  oxygen  in  air  have 
not  always  been  the  same.  The  tension  of  this  gas  has,  and 
without  doubt  will  continue  to  diminish.  That  is  a  factor  of 
which  no  count  has  yet  been  taken  in  biological  speculations. 
The  difference  in  its  powers  under  different  tensions  leads  to 
the  supposition  that  the  microscopic  creatures  which  were  the 
first  to  appear  will  be  the  last  to  pass  away  when  life  is  extin- 
guished from  the  insufficiency  of  oxygen  for  the  continuation  of 
its  support. 

j.  The  common  statement  is  not  true  that  plant  life  must  have 
appeared  on  the  globe  before  animal  life,  in  order  to  purify  it 
from  the  great  quantity  of  carbonic  acid  gas  it  contained.  The 
fact  is  that  germination,  except  in  the  case  of  a  few  moulds, 
cannot  take  place  in  air  sufficiently  charged  with  carbonic  acid 
gas  to  be  fatal  to  a  hot-blooded  animal. 

It  is  not  right  to  explain  the  priority  in  appearance  of  reptiles 
before  hot-blooded  animals,  on  the  hypothesis  that  they  can 
breathe  an  air  richer  in  carbonic  acid  gas  than  animals  can. 
The  truth  is,  reptiles  succumb  to  this  gas  more  readily  than  either 
birds  or  mammals. 


SECTION   V. 

ULTRA-GASEOUS  OR  RADIANT 

MATTER. 


CHAPTER    XT  1 1. 

GEXERAL  AND  SPECIAL  PROPERTIES  OF  RADIAST  MATTER. 

Idea  >.'f  radiant  m*:>:  •J«o*nJ*\i  fivm  Farsdstv — Cr»-k«r"s  argument  fi»r  radiant 
u:atter — *>■'*->  •'•itilAnat:*'!!  ■  :'  :hv  kinetic  the»>rv  of  cm$*s — Action  of 
radiometer  *xt  liined — Extent  ^f  mean  free  j«th  «>f  the  molecules  in  radiant 
matter — Radian;  matter  exeru  ph»-*ser.:e  action  where  it  strikes — Proceeds 
in  straight  line? — Intercvptvd  by  **>Iid  matter  ca*t*  a  shadow — Radiant  matter 
*:rikin«r  a  *•>'.:«!  p:*xli:o>  ohar.o?  therein — It  exert*  mechanical  action  where 
.:  ?:r.k*s — 1>  -.rdtvtrd  by  :h*-  niajzr.fi — Radiant  matter  prod -ice*  heat  when 
»•»  :::  •»!•  *»  i*  arretted — The  m.«tec*.:Ie  the  tr*-e  matter — The  absolute  vacuum 

The  following:  account  of  ultra-gaseous  or  radiant  matter  is  an 
abstract  of  a  lecture  civen  bv  Professor  Crooked  before  the 
British  Association,  on  August  -2,  lS7i#.  and  of  articles  pub- 
lished since  that  date. 


264.  Idea  of  Radiant  Matter  Descended  from  Faraday. — In  a 
lecture  delivered  bv  Faradav,  in  1>1*>,  wc  tin*!  the  firet  use  of 
the  term  radiant  matter.  lie  says,  "if  we  conceive  a  change  as 
far  beyond  vaporization  as  that  is  a?»ove  fluidity,  and  then  take 
into  account  also  the  proportional  increased  extent  of  alteration 
as  the  changes  rise,  we  shall,  jvrhaps.  if  we  can  form  any  con- 
ception at  all.  not  fall  far  short  uf  that  of  radiant  matter:  and 
as  in  the  last  conversion  many  •  qualities  were  lost,  so  here  also 
many  more  would  d:sapi«ear." 

In  1S1;*,  Famdav  savs,  "matter  mav  be  classed  into  four 
states,  solid.  !ijuid,    gaseous,  and  radiant/"    He  adds: 

••As  we  ascend  from  the  solid  to  the  fluid  and  gaseous  states, 
physical  properties  diminish  :r.  number  and  variety,  each  state 
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losi*niT  some  of  those  which  belonged  to  the  preceding  state. 
Vli43n  solids  are  converted  into  fluids  all  the  varieties  of  hard- 
ness    and  softness  are  necessarily  lost.     Crystalline  and  other 
shall*  es  are  destroyed.    Opacity  and  color  frequently  give  way  to 
a  colorless  transparency,  and  a  great  mobility  of  particles  is 
conferred." 

u  Massing  onward  to  the  gaseous  state,  still  more  of  the  evident 
characters  of  bodies  are  annihilated.     The  immense  differences 
\n  tbeir  weight  almost  disappear.    The  remains  of  differences  in 
color  that  were  left  are  lost.     Transparency  becomes  universal, 
and  they  are  all  elastic.     They  now  form  but  one  set  of  sub- 
stances, and  the  varieties  of  density,  hardness,  opacity,  color, 
elasticity,  and  form,  which  render  the  number  of  solids  and 
fluids  almost  infinite,  are  now  supplied  by  a  few  slight  variations 
in  weight,  and  some  unimportant  shades  of  color." 

44 To  those,  therefore,  who  admit  the  radiant  form  of  matter 
10  difficulty  exists  in  the  simplicity  of  the  properties  it  possesses, 
but  rather  an  argument  in  their  favor.  These  persons  show  you 
*  gradual  resignation  of  properties  in  the  matter  we  can  appre- 
ciate, as  the  matter  ascends  in  the  scale  of  forms,  and  they 
would  be  surprised  if  that  effect  were  to  cease  at  the  gaseous 
state.  They  point  out  the  greater  exertions  which  nature  makes 
at  each  step  of  the  change,  and  think  that  consistently  it  ought 
to  be  greatest  in  the  passage  from  the  gaseous  to  the  radiant 
form." 

255.  Crooke's  Argument  for  Eadiant  Matter. — "  Gases  are  now 
considered  to  be  composed  of  an  almost  infinite  number  of  small 
particles  or  molecules,  which  are  constantly  moving  in  every 
direction  with  velocities  of  all  conceivable  magnitudes.  As 
these  molecules  are  exceedingly  numerous,  it  follows  that  no 
niolecule  can  move  far  in  any  direction  without  coming  iu  con- 
tact with  some  other  molecule.  But  if  we  exhaust  the  air  or 
gas  contained  in  a  closed  vessel,  the  number  of  molecules  be- 
comes diminished,  and  the  distance  through  which  any  one  of 
these  can  move  without  coming  in  contact  with  another  is  in- 
creased, the  length  of  the  mean  free  path  being  inversely  pro- 
portional to  the  number  of  molecules  present.  The  further  this 
process  is  carried,  the  longer  becomes  the  average  distance  a 
molecule  can  travel  before  entering  into  collision;  or,  in  other 
*ords,  the  longer  its  mean  free  path.  The  greater  the  mean 
foe  path,  the  more  the  physical  properties  of  the  gas  or  air  are 
niodified.  Thus,  at  a  certain  point  the  phenomena  of  the  radio- 
meter become  possible.  On  pushing  the  rarefaction  still  further — 
*• «.,  decreasing  the  number  of  molecules  in  a  given  space,  and 
lengthening  their  mean  free  path,  new  and  extraordinary  experi- 
mental results  are  obtainable.    So  distinct  are  these  phenomena 
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from  anything  which  occurs  in  air  or  gas  at  the  ordinary  tensioir 
that  wo  are  led  to  assume  that  we  are  here  brought  face  to  face 
with  matter  in  a  fourth  state  or  condition,  a  condition  as  far  re- 
moved from  tiie  state  of  gas  as  gas  is  from  liquid." 

"  There  is  one  particular  degree  of  exhaustion  more  favorable 
than  any  other  for  the  development  of  the  properties  of  radiant 
matter.  Roughly  speaking,  it  may  be  put  at  the  millionth  of 
an  atmosphere.  At  this  degree  of  exhaustion  the  phosphorescent 
effects  are  verv  strong,  and  after  that  thev  diminish  until  at  last 
the  spark  refuses  any  longer  to  pass." 

256.  Crooke's  Explanation  of  the  Kinetic  Theory  of  Oases. — In 

dealing  with  this  and  with  the  properties  of  radiant  matter  we 
quote  largely  from  Prof.  Crookes's  own  words.  He  savs,  it  is 
not  easv  to  make  clear  the  kinetic  theorv,  but  we  will  trv  to 
simplify  it  in  this  way :  Imagine  that  we  have  in  a  large  box  a 
swarm  of  bees,  each  bee  independent  of  its  fellow,  flyine  about 
in  all  manner  of  directions  and  with  verv  differeut  velocities. 
The  bees  are  so  crowded  that  thev  can  onlv  flv  a  verv  short 
distance  without  coming  into  contact  with  one  another  or  with 
the  sides  of  the  box.  As  thev  are  constantlv  in  collision,  so 
thev  rebound  from  each  other  with  altered  velocities  and  in 
different  directions,  and  when  these  collisions  take  place  against 
the  sides  of  the  box  pressure  is  produced.  If  we  take  some  of 
the  bees  out  of  the  K»x.  the  distance  which  each  individual  bee 
wii!  be  able  to  fly  before  it  comes  into  contact  with  its  neighbor 
will  be  greater  than  when  the  box  was  full  of  bees:  and  if  we 
remove  a  great  many  of  the  bees  we  increase  to  a  considerable 
extent  the  average  distance  that  each  can  fly  without  a  collision 
This  distance  we  will  ea'.i  the  bees*  : ■:•■  /Hy  j>kA.  When  the 
Ikhs  are  numerous  the  mean  free  r»a:h  is  verv  short:  when  the 
bees  are  few  the  r.uar.  :Vie  pa:h  will  be  ".■•nger.  the  length  being 
invars*  -v  t  roivrtional  :o  the  :. ■.'.iniiTo:  :«ces  present.  Imagine 
a  1  *  sv»c  d :  ap h  r.i  c •  •. :  t  r.  t  rod  ■.; v  vd  in  ■ : .  e  ee n :  re  of  the  box  so  as  to 
dividi  the  ::u!::ber  ot'  bees  t.  :ua".'y.  Ti.e  same  number  of  bees 
K:*c  or.  i;ivi.  sMe.  :ite  :r.:vacts  o:  t:.o  diaphragm  will  l»e  equal, 
av.d  :hc  :r.ia:i  >pocd  of  ti.e  be*s  tnir*:  tr.e  same,  the  pressure 
w:".  be  :.n:-.::.,.i'.  ou  *ac:.  >idc  -f  ti.e  dta:  i.ra^m  and  it  will  not 

\.\m.  :>  \\;.rv.  ov.i  >:..;c  of  ::.>  d:.vl>:. ■-■:■.  >o  as  to  make  it  com- 
i  ■...;«  :..■.•*  i\:ra  iv-er^v  to  a  1-w  «•<:.  ;:  t. »uci.es  it.  As  before, 
a  .m  xx*.  *:rkc  :V.c  /::..:':  r:»^"v.  wit:,  its  r.ormal  mean  velocity, 
b;::  \*  -.".'.  iv  .;r-.\  i  v  ".-a.  *n  «  ■:■■  v  \tra  \  *. "  x :ty.  ::.v  reaction  produe- 
v.-i  a  ;  rt^.:"\  o*.  :1  <•  ■  ;-.;  ■  -a-:--.  It  "*:*.".  be  found,  however, 
that  ;i  :  o..^:  ::..  .1  ..-.  ..^v  x  tx.-  :  v...*vi.  the  extra  strength 
%•!  :!-.i    r\  .  •*   : .  ^  w.*--     ^.  U ■  ,;  -.  <  :    t  ;  rviace  anv  motion. 

Tins  a:  ri:x:  v.^i.t  m\v.*  cvv.:rar\  to  ::..  law  of  action  and 
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tion  being  equal.     The  explanation  is  not  difficult  to  understand. 
Tbe  bees  which  fly  away  from  the  diaphragm  have  drawn  energy 
from  it,  and,  therefore,  move  quicker  than  those  which   are 
coming  towards  it ;  they  beat  back  the  crowd  to  a  greater  dist- 
ance, and  keep  a  greater  number  from  striking  the  diaphragm. 
Near  to  the  heated  side  of  the  diaphragm  the  density  is  less 
than  the  average,  while  beyond  the  free  path  the  density  is 
above  the  average,  and  this  greater  crowding  extends  to  all 
other  parts  of  the  box.     Thus  it  happens  that  the  extra  energy 
of  the  impacts  against  the  warm  side  of  the  diaphragm  is  exactly 
compensated  by  the  increased  number  of  impacts  on  the  cool 
ride.    In  spite,  therefore,  of  the  increased  activity  communicated 
to  a  portion  of  the  bees,  the  pressure  on  the  two  sides  of  the 
diaphragm  will  remain  the  same.     This  represents  what  occurs 
when  the  extent  of  the  box  containing  the  bees  is  so  great  com- 
pared with  the  mean  free  path,  that  the  abrupt  change  in  the 
velocity  of  those  bees  which  rebound  from  the  walls  of  the  box 
produces  only  an  insensible  influence  on  the  motions  of  bees  at 
so  great  a  distance  as  the  diaphragm. 

257.  Action  of  Radiometer  Explained. — Imagine  that  we  gradually 
remove  bees  from  the  box,  still  keeping  the  diaphragm  warm 
on  one  side.  The  bees  getting  fewer,  the  collisions  will  become 
lew  frequent,  and  the  distance  each  bee  can  fly  before  striking 
its  neighbor  will  get  longer  and  longer,  and  the  crowding  in 
front  of  them  will  grow  less  and  less.  The  compensation  will 
tlw  diminish,  and  the  warm  side  of  the  diaphragm  will  have  a 
tendency  to  be  beaten  back.  A  point  will  at  last  be  reached  on 
the  warm  side  when  the  mean  free  path  of  the  bees  will  be  long 
enough  to  admit  of  their  dashing  right  across  from  the  diaphragm 
to  tbe  side  of  the  box,  without  meeting  more  than  a  certain 
number  of  incoming  bees  in  their  flight.  In  this  case  the  bees 
will  no  longer  fly  quite  in  the  same  direction  as  before.  They 
will  now  fly  less  sideways,  and  more  forwards  and  backwards 
between  the  heated  face  of  the  diaphragm  and  the  opposed  wall 
of  the  box.  Because  of  this  preponderating  motion,  and  also 
fecause  they  will  thereby  less  effectually  keep  back  bees  crowd- 
ing in  from  the  sides,  there  will  now  be  a  greater  proportionate 
pressure  both  on  the  hot  face  of  the  diaphragm,  and  on  that 
part  of  the  box  which  is  in  front  of  it.  Hence  the  pressure  on 
tbe  hot  side  will  now  exceed  that  on  the  cool  side  of  the 
diaphragm,  which  will  consequently  have  a  backward  move- 
ment communicated  to  it. 

We  may  diminish  the  size  of  the  bees  as  much  as  we  like,  and 
ty  correspondingly  increasing  their  number  the  mean  free  path 
will  remain  the  same.  Instead  of  bees  let  us  call  them  mole- 
tales,  and  instead  of  having  a  few  hundreds  or  thousands  let  us 
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have  billions  or  trillions ;  and  if  we  also  diminish  the  mean 

Eath  to  a  considerable  extent  we  get  a  rough  outline  of 
inetic  theory  of  gases. 
The  explanation  of  (he  movement  of  the  radiometer  is  this, 
interior  of  the  glass  vessel  being  highlg  vacuous,  the  light  or  the 

bundle  of  rags   included  in   the  term  UghU  fa 
Fio  93.  ujkm  the  bftvicfned  side  of  the  vanes,  becomes  ab$o\ 

and  therebg  raises  the  temperature  of  the  black  i 
this  causes  extra  excitement  of  the  air  molecules  w 
come  tn  contact  trith  it.  and  pressure  is  prod 
causing  the  rig  of  the  radiometer  to  turn  round, 
manner  in  which  the  motion  originates  b 
similar  to  that  described  in  the  latter  part  ol 
first  paragraph  of  this  article. 


N 


Fig.  *M. 


258.  Extent  of  Mean  Free  Path  of  Moleenli 
Radiant  Matter. — Regarding:  this  subject  ] 
Crookes  says:  The  mean  free  path  of  the  i 
rules  in  air  at  the  ordinary  pressure  is 
ten-thousandth  of  a  millimetre.  I  have 
believed  that  a  well-known  appearand 
vacuum  tubes  is  closclv  related  to  the  mean 
path  of  its  molecules.  If  the  negative  pc 
examined  while  the  discharge  from  an  induction  coil  is  pai 
through  an  exhausted  tube,  a  dark  space  is  seen  to  surroui 
Thi<  dark  space  increases  and  diminishes  as  the  vacuu 
varied. 

For  the  purpose  oi  illustrating  the  mean  free  path,  the  in 
meni  called  the  "dark  space  tube."  Fig.  1*4.  has  been  contr 

It  ha<  a  pole  in  the  centre  foi 
ot  a  metallic  disk,  and  plati 
wire  i*ve>  at  each  end.  The  c 
polf  i>  made  negative  and  tin 
minal  poles  |»ositive.  The  ii 
tion  coil  is  then  set  in  a< 
When  the  pressure  is  a  few  \ 
metres  ^i  mereurv.  a  halo  ol 
v c :  y  ". :  j*h t  covers  t  he  su  rtace  n 
t^  e;  a<  the  pressure  diminisl 
*iar»c  snaee  aisvars  wiiici.  se;»arati-*  mis  ii^ht  from  the  surft 
ttii-  metal.  When  the  exhaust:  vi  is  wrv  sr^vxl  the  dark  i 
e\:en«i>  tor  a  cou;m  of  iiui.js  o".  r.uh  side  of  the  central 
a*  :>  <;o»w.  in  the  r.gurv. 

11  ere  \x c  perceive  the  v:iuctivi  srark  actually  illumin: 
;i.e  .:v.es  of  m.vecular  pr\ ^  .-.re  o.i.w-i  :»v  the  excitement  o 
iHc*f.\c  pole.  Ts-.e  :hicktu«  ■  »■  tl.is  dark  space — uearly 
iuche> — is  the  nuasure  of  :t.e  rv.e-iti  tree  ivath  between  suixi 


rv\ 
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collision  of  the  molecules  of  the  residual  gas.  The  extra 
velocity  with  which  the  negatively  electrified  molecules  rebound 
from  the  excited  pole,  keeps  back  the  more  slowly  moving 
molecules  which  are  advancing  towards  that  pole.  The  conflict 
occurs  at  the  boundary  of  the  dark  space,  where  the  luminous 
margin  bears  witness  to  the  energy  ot  the  discharge. 

The  manner  in  which  the  dark  space  forms  may  be  imitated 
by  the  following  experiment :  Let  a  stream  of  water  fall  from  a 
line  jet  on  the  centre  of  a  horizontal  «heet  of  glass.  The  water 
spreads  over  the  plate  and  forms  a  thin  film.  The  jet  of  water 
in  the  centre,  from  the  velocity  of  its  fall,  drives  tjie  film  of 
water  before  it  on  all  sides,  raising  it  into  a  ring-shaped  heap. 
As  the  force  of  the  jet  is  increased,  the  ring  expands  in 
diameter,  the  effect  being  analogous  to  a  greater  exhaustion  in 
the  tubes.  The  extra  velocity  of  the  falling  particles  of  water 
drives  the  incoming  water  before  them,  and  raises  a  ridge  which 
exactly  represents  the  luminous  halo  on  the  margin  of  the  dark 
space  in  the  tube. 

259.  Radiant  Matter  Exerts  Phosgenic  Action  where  it  Strikes. — 
Certain  precious  stones,  as  the  diamond,  ruby,  sapphire,  possess 
the  power  of  emitting  light  when  sub- 
mitted to  the   action  of  the  electric  Fig.  95. 
discharge.    Other  substances,  as  corun- 
dum, precipitated  alumina,  Becquerel's                N  "* . --Mi !;'/ '.:.  r 
luminous    sulphides,    uranium    glass,         ^^^^^^'^ 
and  English  and  German  glass,  also         <%ttj    v^^_    ^4 -^ 
powers  this  property.     In  illustration  """ 

■>f  the  power   of  radiant  matter   to     

develop  phosphorescence  when   it   is  Rubytui*. 

under  the  influence  of  electricity,  Pro- 

fttworCrookes  has  devised  the  apparatus  called  the  "ruby  tube." 

It  is  of  the  form  represented  in  Fig.  95.  In  the  lower  part 
some  chemically  pure  precipitated  alumina,  or  other  phospho- 
rt*ceut  substance,  is  placed.  The  terminals  of  the  coil  look  down 
upon  this  material,  and  the  tube  is  exhausted  to  about  one- 
nrillionth  of  an  atmosphere. 

The  moment  the  coil  is  put  in  action,  the  alumina  glows  with 
•  bright  red  light.  Other  specimens  of  alumina,  on  the  con- 
trary emit  a  green  light.  Diamonds  are  found  to  give  brilliant 
colors  of  various  hues — blue,  apricot,  red,  yellowish,  green, 
orange,  and  dark  green.  The  glass  of  which  the  apparatus  for 
illustrating  the  properties  of  radiant  matter  is  made,  emits  a 
different  color  according  to  its  composition.  Uranium  glass 
pves  a  dark  green  color;  English  glass,  a  blue;  and  the  soft 
German  glass,  of  which  most  of  the  instruments  are  made, 
a  bright  apple-green  color. 
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260.  Radiant  Hatter  Proceed*  in  Straight  Liaei. — In  tbe  ordi- 
nary phenomena  exhibited  by  vacuum  tubes,  it  is  customary,  for 
the  more  striking  illustration  of  their  contrasts  of  color,  to  have 
the  tubes  bent  into  very  elaborate  designs.  Tbe  positive 
luminosity  caused  by  the  phosphorescence  of  the  residual  gas 
follows  all  the  convolutions  and  designs  into  which  tbe  glass  is 
twisted.  The  negative  pole  being  at  one  end,  the  positive  at  the 
other,  the  luminous  phenomena  seem  to  depend  more  on  the 
positive  than  on  the  negative  pole  at  exhaustions  such  as  have 
hitherto  given  the  best  phenomena  of  vacuum  tubes.  The  two 
bulbs.  Fig.  96,  are  alike  in  shape  and  position  of  poles,  the  only 


difference  being  that  one  iB  at  an  exhaustion  equal  to  a  few 
millimetres  of  mercury — such  a  moderate  exhaustion  as  will 
give  stratifications  or  the  ordinary  luminous  phenomena — whilst 
the  other  is  exhausted  to  about  the  millionth  of  an  atmosphere. 
Connect  the  moderately  exhausted  bulb  with  the  induction-coil, 
and,  retaining  the  pole  at  one  side,  A,  always  negative,  put  the 
positive  wire  successively  to  the  other  three  poles,  BCD,  with 
which  the  bulb  is  furnished.  As  the  position  of  the  positive 
pole  is  changed,  the  line  of  violet  light  joining  tbe  two  poles 
changes.  In  this  moderately  exhausted  bulb,  therefore,  the 
electric  current  always  chooses  the  shortest  path  between  the  two 
poles,  and  moves  about  the  bulb  as  we  alter  the  position  of  the 
polar  wires. 

Repeat  the  same  experiment  with  a  tube  that  is  highly  exhausted, 
and  as  before  make  the  side  pole  A  the  negative,  the  top  pole  B 
being  positive.     Notice  how  widely  different  iB  the  appearance 
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from  that  shown  by  the  last  bulb.  The  negative  pole  is  in  the 
form  of  a  shallow  cup.  The  bundle  of  rays  from  the  cup  crosses 
in  the  centre  of  the  bulb,  and  thence  diverging,  falls  on  the 
opposite  side  as  a  circular  patch  of  greejti  light.     Remove  the 

?)sitive  wire  from  the  top  and  connect  it  with  the  side  pole  C. 
he  green  patch  from  the  divergent  negative  focus  is  still  there. 
Make  the  lowest  pole  D  positive,  the  green  patch  still  remains 
where  it  was  at  first,  unchanged  in  position  or  intensity.  If  the 
negative  pole  points  in  the  direction  of  the  positive  all  very 
well,  but  if  the  negative  pole  is  entirely  in  the  opposite  direc- 
tum it  does  not  matter ;  the  line  of  rays  is  still  projected  in  a 
straight  path  from  the  negative  pole. 

261.  Radiant  Matter  Intercepted  by  Solid  Matter  Casts  a  Shadow. 
—The  apparatus,  Fig.  97,  affords  additional  evidence  of  the  fact 
that   radiant     matter    moves    in 

straight  lines.     In  the  middle  of  Flo.  97. 

the  pear-shaped  vessel  is  a  cross, 

B,  of  thin  sheet  aluminium.     It 

is  made  the  positive  pole.     The 

negative  pole  is  at  A.     In  putting 

the  coil  in  action  the  rays  from 

the  negative  pole  pass  along  the 

tube,  and  falling  upon  the  broad 

«nd  C  produce  phosphorescence.  shadow  mi*. 

In  this  phosphorescence  a  shadow, 

^  of  the  cross  appears,  proving  not  only  that  the  radiant  matter 

has  moved  in  straight  lines  from  which  it  does  not  depart,  but 

also  that  it  is  not  a  mere  electrical  action,  for  this  would  cease 

at  the  metallic  surface  which  is  the  other  pole. 

262.  Eadiant  Matter  Striking  a  Solid  Produces  Change  Therein. 
—In  the  preceding  experiment  the  cross  produces  a  dark  shadow 
ou  a  bright  background.  If  the  action  is  continued  for  some 
time  the  brightness  of  the  phosphorescence  gradually  diminishes 
and  almost  disappears.  If  at  this  point  the  cross  which  is  sup- 
ported on  a  hinge  is  thrown  out  of  the  path  of  the  radiant 
inatter  bv  a  sudden  movement,  the  parts  of  the  glass  which  have 
hitherto  l>een  protected  and  dark,  instantly  flash  out  in  brilliant 
phosphorescence,  and  a  bright  image  of  the  cross  appears  on  a 
dark  background.     In  its  turn  this  also  finally  disappears. 

These  facts  demonstrate  that  the  battering  of  the  molecules 
of  the  radiant  material  upon  the  surface  of  the  glass  produces 
a  change  therein.  The  exhaustion  in  this  tube  is  much  more 
perfect  than  in  the  dark  space  tube ;  the  molecules  not  only 
passing  throughout  its  whole  length,  but  striking  with  such  force 
on  the  wide  end  that  its  temperature  rises  in  consequence. 
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263.  Eadiant  Matter  Exerts  Mechanical  Action  where  it  i 
— To  the  apparatus  represented  in  Fig.  98,  Prof.  Crook 
given  the  name  of  the  railway  tube.  At  either  end  on  the 
i>art  are  the  terminals  of  the  coil.  On  a  glass  tramway 
below  the  axis  of  the  tube,  a  delicately  balanced  wheel  is  ] 
Its  axis  revolves  on  the  tramway  and  the  spokes  of  the 

Fig.  98. 


lUilwftv  tutf. 


terminate  in  rectangular  vanes.  When  the  coil  is  put  in 
the  radiant  matter  projected  from  the  negative  pole  passe 
the  upper  part  of  the  tube.  In  its  passage  it  strikes  up 
vanes  of  the  upper  part  of  the  wheel  with  so  much  fon 
the  wheel  is  set  in  rapid  rotation,  and  despite  the  small 
the  circumference  of  the  axis  on  which  it  is  revolving 
ijuiekly  to  the  terminus  of  the  track.  Reversing  the  pol 
wheel  passes  in  the  opposite  direction. 

264.  Eadiant  Matter  is  Deflected  by  the  Magnet.— Fig.  99 
sents  a  low  vacuum  tube,  beneath  which  an  electro-magn 
been  placed.  On  passing  the  induction  spark  it  ass  urn 
form  of  a  narrow  Hue  of  violet  light  connecting  the  twe 


Fiu.  '.•■•. 


«  i  * 
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ot  the  tube.  The  polar  wires  of  the  electro-magnet  bein 
connected  with  a  voltaic  battery,  the  line  of  light  instant 
down  towards  the  magnet,  but  •{uiekly  rises  again  and  f 
its  original  course.  An  essential  point  in  connectiou  vf\ 
phenomena  produced  is  that  the  deflection  of  the  line  of] 
only  momentary.  Reversing  the  current  in  the  elect  ro-n 
the  line  of  discharge  is  driven  to  the  upj>er  part  of  the  U 
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In  Fig.  100,  we  have  a  highly  exhausted  tube  with  a  negative 
pole,  A,  at  one  end,  aud  a  long  phosphorescent  screen,  B  C,  down 
the  centre  of  the  tube.  In  front  of  the  negative  pole  is  a  plate 
of  mica,  B  D,  with  a  hole,  E,  in  it.  When  the  current  from  an 
induction  coil  is  turned  on,  a  line  of  phosphorescent  light  is 
projected  along  the  screen  throughout  the  whole  length  of  the 


tube  in  the  line  E  F.  On  placing  a  strong  magnet  beneath  the 
tube,  the  line  of  light  becomes  curved  towardB  G  tfnder  the 
maguetic  influence,  aud  wavee  about  like  a  flexible  wand  as  the 
magnet  is  moved  up  and  down.  It  is  especially  to  be  remarked 
that  (he  deflection  is  permanent.  In  the  preceding  case  it  was 
temporary.  In  this  case  the  matter  in  the  tube  haa  assumed  a 
different  condition.  ItB  molecules  are  projected  with  great 
Telocity  aud  force  from  one  end  of  the  tube  to  the  other;  it  is 
radiant  matter.  In  the  former  case  the  molecules  are  vibrating 
in  an  exceedingly  small  space,  they  are  much  closer  together. 
The  electro-current  passes  along  them  as  along  a  broken  con- 
ductor, forming  a  truck  of  violet  light.  In  the  latter  case  the 
%ht  is  the  result  of  the  impact  or  striking  of  the  molecules 
upon  u  phosgcnic  surface,  and  is  of  a  different  color. 

26S.    Produce*   Heat  When   Its    Motion   is   Arrested. — It    has 
b*en  stated  that  when  radiant  matter  strikes  upon  glass,  and 
produces  green  phosphorescence,  after  a 
»hort  time  the  glasB  becomes  warm.    For  *'10- im- 

illustration  of  the  intensity  of  the  heat 
produced,  the  adjoining  tube  was  con- 
trived. The  negative  pole,  N,  terminates 
m  a  cup,  A.  At  the  focus  of  curvature 
of  the  cnp,  B,  there  is  a  small  square  of 
thiii  sheet  platinum.  The  positive  ter- 
minal is  at  P.  On  putting  the  coil  in  ac- 
tion, the  radiant  matter  iB  thrown  off"  from 
the  negative  pole  in  converging  lines, 
*hich  meet  at  the  focus  upon  the  platinum. 
In  a  few  moments  this  becomes  red-hot, 
ttd  if  the  coil  is  of  the  right  kind,  and  of 
•offieient  strength,  not  only  sheet  platinum, 
bat  also  the  highly  infusible  indium-pla- 
tinum may  be  forced  to  melt 
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266.  The  Molecule  the  True  Matter. — In  summing  up  hia  won- 
derful results  regarding  radiant  matter,  Prof.  Crookes  says: 
"Matter  in  the  fourth  state  is  the  ultimate  result  of  gaseous  ex- 
pansion. By  great  rarefaction  the  t'rve  path  of  the  molecules 
is  made  so  long  that  the  hits  in  a  given  time  may  he  disregarded 
in  comparison  to  the  misses,  in  which  case  the  average  mole- 
cule is  allowed  to  obey  its  own  motion  or  laws  without  inter- 
terence;  and  if  the  mean  free  path  is  compatible  wilh  the 
dimensions  of  the  containing  vessel,  the  properties  which  con- 
stitute gaseity  are  reduced  to  a  minimum,  and  the  matter  then 
becomeB  exalted  to  an  ultra-gaseous  state. 

"But  the  same  condition  of  tilings  will  be  produced,  if  by  any 
means  we  can  take  a  portion  of  gas,  and  by  some  extraneous 
force  infuse  order  into  the  apparently  disorderly  jostling  of  the 
molecules  in  every  direction,  by  coercing  them  into  a  methodical 
rectilinear  movement.  This  we  have  shown  to  be  the  case  in 
the  phenomena  which  cause  the  movements  of  the  radiometer, 
and  I  have  rendered  such  motion  visible  in  my  later  researches 
on  the  negative  discharge  in  vacuum  tubes.  In  the  one  case  the 
heated  lampblack,  and  in  the  other  the  electrically  excited  nega- 
tive pole  supplies  the  force  majeure,  which  entirely  or  partially 
changes  into  a  rectilinear  motion  the  irregular  vibration  in  all 
directions;  and  according  to  the  extent  to  which  this  onward 
movement  has  replaced  the  irregular  motions  which  constitute 
the  essence  of  the  gaseous  condition,  to  that  extent  do  I  con- 
sider that  the  molecules  have  assumed  the  condition  of  radiant 
matter." 

Between  the  third  and  fourth  states  there  is  no  sharp  line  of 
demarcation,  any  more  than  there  is  between  solid  and  liquid 
Btates,  or  liquid  and  gaseous  states;  they  each  merge  insensibly 
one  into  the  other. 

These  considerations  lead  to  another  and  curious  speculation. 
The  molecule — intangible,  invisible,  and  hard  to  be  conceived — 
is  the  only  true  matter,  and  that  which  we  call  matter  is  nothing 
more  than  the  effect  upon  our  senses  of  the  movements  of  mole- 
cules, or,  as  John  Stuart  Mill  expresses  it,  "  a  permanent  possi- 
bility of  sensation."  Space  covered  by  the  motion  of  molecules 
lias  no  more  right  to  he  called  matter,  than  air  traversed  by  a 
rifle-bullet  can  be  called  lead.  From  this  point  of  view  then, 
matter  is  but  a  mode  of  motion;  at  the  absolute  zero  of  tem- 
perature the  inter-molecular  movement  would  stop,  and  although 
something  retaining  the  properties  of  inertia  ana  weight  would 
remain,  matter  as  we  know  it  would  cease  to  exist. 

267.  Absolute  Vacuum  Tube. — According  to  Prof.  Crookes,  the 
phosgenic  action  of  radiant  matter  is  best  obtained  by  an  ex- 
haustion to  one  millionth  of  an  atmosphere.     Both  above  and 
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below  this,  the  action  is  less  intense.  Indeed,  if  exhaustion  be 
pushed  as  he  has  succeeded  in  doing  to  one  twenty-millionth 
of  an  atmosphere,  the  ordinary  phenomena  of  radiant  matter 
disappear. 

In  illustration  of  this  fact,  tubes  are  prepared  in  which  ex- 
haustion is  carried  to  the  extreme  of  which  chemical  processes 
are  capable.     Tubes  so  prepared,  Prof.  Crookes  calls  absolute 
vacuum  tubes.     These  tubes  are  less  than  one  inch  in  diam- 
eter, and  about  four  inches  in  length.     Platinum  poles  pass 
from  their  extremities,  and  terminate  about  one-eighth  of  an 
inch  from  each  other  in  the  interior.     On  making  connection 
with  an  induction  coil,  and  throwing  it  into  action,  the  elec- 
tricity does  not  pass  betwreen  these  terminals;  but  if  secondary 
terminals  are  placed  in  the  air,  the  spark  will  pass  between 
them  though  they  are  more  than  an  inch  apart. 

Though  electric  manifestations  fail  to  traverse  the  limited 
distance  between  the  terminals  in  these  tubes,  light  traverses 
the  tube  in  every  direction  with  the  same  facility.  It  is,  there- 
fore, evident  that  some  form  of  matter  still  remains  in  the  tube, 
though  it  is  not  one  favorable  to  electric  manifestations.  Pos- 
sibly it  may  be,  or  approximate  to,  that  universal  form  of  matter 
which  pervades  all  space,  and  to  which  the  name  of  ether  has 
Wen  given  (26). 
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CHAPTEK   I. 

ENERGY  AND  FORCE. 

Ideas  regarding  energy — Potential  and  kinetic  energy — Transformation  of  energy 
— Conservation  of  energy — Degradation  of  energy — Dissipation  of  energy — 
Subdivisions  of  energy — Ideas  regarding  force. 

268.  Ideas  Regarding  Energy. — Any  agent  capable  of  doing 
work  is  said  to  possess  energy.     The  quantity  of  energy  is  ex- 
pressed by  the  work  it  can  do  (296).     The  most  concise  descrip- 
tion of  modern  ideas  regarding  energy  is  contained  in  Professor 
Tait's  work  on  "Recent  Advances  in  Physical  Science."     I 
therefore  give  in  this  chapter  an  abstract  thereof,  in  the  form  of 
a  series  of  quotations.     Concerning  the  introduction  of  the  idea 
of  energy,  Professor  Tait  says :   "It  is  only  within  comparatively 
recent  years  that  it  has  been  generally  recognized  that  there  is 
something  else  in  the  physical  universe  which  possesses  as  high 
a  claim  to  objective  reality  as  matter  possesses,  though  it  is  by 
no  means  so  tangible,  and,  therefore,  the  conception  of  it  was 
much  longer  in  forcing  itself  upon  the  human  mind.     The  so- 
called  'imponderables' — things  of  old  supposed  to  be  matter — 
such  as  heat,  light,  etc.,  are  now  known  bv  the  purely  experi- 
mental, aud  therefore  the  only  safe  method,  to  be  but  varieties 
of  what  we  call  energy — something  which  though  not  matter, 
has  as  much  claim  to  recognition  on  account  of  its  objective  ex- 
istence as  any  portion  of  matter.     The  grand  principle  of  'con- 
servation of  energy,'  which  asserts  that  no  portion  of  energy 
can  be  put  out  of  existence,  and  no  amount  of  energy  can  be 
brought  into  existence  by  any  process  at  our  command,  is  simply 
a  statement  of  the  invariability  of  the  quantity  of  energy  in  the 
universe — a  companion  statement  to  that  of  the  invariability  of 
the  quantity  of  matter." 


Potential  and  Kinetic  Energy.— Pro fess or  Tait  remarks: 
"Wherein  consists  tlie  difference  between  a  mass  of  snow  lying 
on  the  mountain  side,  and  the  same  mass  when  it  has  fallen  and 
reata  in  the  valley  below?  Obviously  the  two  substances  are 
identical,  except  in  so  far  aa  molecular  changes,  such  as  melting, 
may  have  altered  the  state  of  some  portions  of  the  mass  during 
or  after  its  descent.  Yet  the  elevated  mass  possesses,  in  virtue 
of  itB  elevation  alone,  a  power  of  doing  work  or  mischief  which 
it  has  lost  entirely  when  it  has  descended.  By  the  mere  fact 
then  of  its  elevation,  it  possesses  a  power  which  it  does  not 
posaesa  when  it  has  fallen.  This  is  called  energy  of  position,  or 
potential  energy." 

"But  when  the  anow  is  detached  from  the  mountain  aide,  in 
descending  it  acquires  auothcr  form  of  energy,  depending 
entirely  on  its  motion;  and  thus  we  distinguish  between  energy 
of  position  and  energy  of  motion,  or  kinetic  energy.'" 

Energy,  therefore,  is  of  two  kinds:  kinetic  and  potential. 
A  stone  falling,  a  rifle-bullet  in  ita  courae,  a  steamship  in 
motion,  all  possess  active  actual  kinetic  energy.  A  stone  on  the 
verge  of  a  precipice,  the  gunpowder  in  a  rifle,  on  the  other 
hand,  have  the  power  of  producing  kinetic  energy ;  therefore 
they  afford  examples  of  potential  or  possible  energy.  The  food 
we  consume,  and  the  air  taken  into  the  lungs,  in  like  nuniner 
represent  so  much  potential  energy,  which  appears  aa  kinetic 
energy  in  the  muscular  and  other  actions  which  result  in  the 
body. 

In  bis  work  on  "Solar  Physics,"  Lockyer illustrates  the  ideas 
of  actual  or  kinetic  and  potential  or  possible  energy  by  an 
example  drawn  from  social  life.  "When,"  he  says.  '-:i  mu 
pursues  his  course  undaunted  by  opposition,  unappalled  by 
obstacles,  he  is  said  to  he  a  very  energetic  man.  By  his  energy 
we  mean  the  power  which  he  possesses  of  overcomingobstaclea: 
and  the  amount  of  his  energy  is  measured  by  the  amount  of 
obstacles  which  he  can  overcome,  by  the  amount  of  work  which 
he  can  do.  Such  a  man  may,  in  truth,  he  regarded  as  a  social 
cannon-ball.  By  means  of  his  energy  of  character  he  will 
Bcatter  the  ranks  of  his  opponents  and  demolish  their  ramparts. 
Nevertheless,  such  a  man  will  sometimes  he  defeated  by  an 
opponent  who  does  not  possess  a  tithe  of  hia  personal  energy. 
Now.  why  is  this?  The  reason  is  that,  although  his  onpo&eol 
may  be  deficient  in  personal  energy,  yet  he  may  possess  more 
than  an  equivalent  in  the  high  position  which  he  occupies,  and 
it  ia  simply  this  position  that  enables  him  to  combat  raccenfalh 
with  a  man  of  much  greater  personal  energy  than  himself.  If 
two  men  throw  stones  at  one  another,  one  of  whom  stands  on 
the  top  of  a  house  and  the  other  at  the  bottom,  the  man  -M  tin- 
top  of  the  house  has  evidently  the  advantage. 
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**  So  in  like  manner  if  two  men  of  equal  personal  energy 
out  end  together,  the  one  who  has  the  highest  social  position 
tias  the  best  chance  of  succeeding. 

4,4  But  this  high  position  means  energy  under  another  form. 
It  means  that  at  some  remote  period  a  vast  amount  of  personal 
energy  was    expended   in   raising  the  family  into   this  high 
position.     The  founder  of  the  family   had   doubtless  greater 
energy  than  his  fellow-men,  and  spent  it  in  raising  himself  and 
his  family  into  a  position  of  advantage.     The  personal  element 
may  have  long  since  vanished  from  the  family,  but  it  has  been 
transmuted  into  something  else,  and  it  enables  the  present  rep- 
resentative to  accomplish  a  great  deal,  owing  solely  to  the  high 
position  which  he  has  acquired  through  the  efforts  of  another. 

"We  thus  see  that  in  the  social  world  we  have  what  may  be 
justly  called  two  kinds  of  energy,  namely: 

"1.  Actual  or  personal  energy. 

"2.  Energy  derived  from  position. 

14 Let  us  now  turn  to  the  physical  world.  In  this,  as  in  the 
social  world,  it  is  difficult  to  ascend.  The  force  of  gravity  may 
be  compared  to  that  force  which  keeps  a  man  down  in  the  world. 

"If  a  stone  be  shot  upwards  with  great  velocity,  it  may  be 
»id  to  have  in  it  a  great  deal  of  actual  energy,  because  it  has  the 
power  of  overcoming  the  obstacle  interposed  by  gravity  to  its 
ascent,  just  as  a  man  of  great  energy  has  the  power  of  over- 
coming obstacles. 

"This  stone  as  it  continues  to  mount  upwards  will  do  so  with 
amdually  decreasing  velocity  until  at  the  summit  of  its  flight 
*lj  the  actual  energy  with  which  it  started  has  been  spent  in 
raising  it  against  the  force  of  gravity  to  this  elevated  position. 
It  is  now  moving  with  no  velocity,  and  may  be  supposed  to  be 
caught  and  lodged  upon  the  top  of  a  house. 

"Thus  it  is  seen  that  during  the  upward  flight  of  the  stone 
its  energy  of  actual  motion  has  gradually  become  changed  into 
energy  of  position,  and  the  reverse  will  take  place  during  its 
downward  flight  if  we  now  suppose  it  dislodged  from  the  top  of 
the  house.  In  this  latter  case  the  energy  of  position  with  which 
it  begins  its  downward  flight  is  gradually  converted  into  energy 
factual  motion,  until  at  last,  when  it  once  more  reaches  the 
pound,  it  has  the  same  amount  of  velocity,  and,  therefore,  of 
actual  energy  which  it  had  at  first. 

"Thus  we  havealsoin  the  physical  world  two  kinds  of  energy: 
in  the  first  place  we  have  that  of  actual  motion,  and  in  the  next 
*ehave  that  of  position." 

270.  Transformations  of  Energy. — Of  this  we  have  an  example 
in  the  preceding  article.     A  still  better  illustration  of  a  multi- 
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plicity  of  transformations  is  afforded  by  the  present  method   *>* 
producing  the  electric  light. 

In  this  the  initial  act  is  the  combustion  or  oxidation  of  co*a»-'* 
This  is  a  chemical  process  by  which  heat  is  developed.  Through*1 
the  agency  of  the  heat  water  is  volatalized  into  steam,  the  elasf*c 
force  of  which  is  caused  by  suitable  machinery  to  produce  motion*- 
In  its  turn  the  motion  is  converted  into  a  compound  develop  m' 
ment  of  magnetism  and  electricity,  and  the  latter  when  passes  ' 
between  carbon  points  produces  light  and  heat.  Attendant  ow "* 
die  motion,  and  likewise  on  the  passage  of  the  electric  arc-  — 
sound  also  appears  as  an  accidental  result. 

Chemical  affinity,  heat,  motion,  magnetism,  electricity,  lights 
are,  therefore,  convertible  one  into  another.    Indeed,  as  a  glance 
at  the  table  of  the  divisions  of  energy  shows,  they  are  virtually 
mere  modifications  of  the  effects  of  energy.    There  is,  therefore, 
nothing  surprising  in  the  tact  of  their  mutual  convertibility  or 
transformation. 

An  admirable  example  of  the  transformation  or  change  of 
potential  into  kinetic  energy  is  afforded  by  the  pendulum  in  action. 
When  at  rest  in  its  lowest  position  it  may  be  said  not  to  possess 
any  energy,  but  when  work  is  done  upon  it  and  it  is  raised  to 
one  end  of  the  arc  in  which  it  swings,  it  possesses  potential 
energy  by  virtue  of  its  position,  and  can  do  work.  Falling  to  its 
lowrest  position,  it  accomplishes  work  represented  by  its  weight 
multiplied  by  the  vertical  height  through  which  its  centre 
of  gravity  has  descended.  In  the  lower  part  of  its  course 
gravity  ceases  to  act,  but  it  now  possesses  energy  by  virtue  of 
the  velocity  it  has  acquired  in  its  descent.  This  carries  it  against 
gravity  to  the  other  extremity  of  its  arc,  the  kinetic  being 
finally  completely  transformed  into  potential  energy  when  it 
comes  to  rest  and  is  prepared  for  a  second  descent.  So  the 
alternate  conversion  of  potential  into  kinetic  energy,  and  nW 
versa,  continues  until  all  the  original  energy  is  transformed  in 
overcoming  the  friction  and  resistance  of  the  air  to  which  the 
pendulum  has  been  submitted  during  its  oscillations. 

271.  Conservation  of  Energy. — Again  quoting  from  Prof.  Tait, 
u  the  velocity  of  an  avalanche  of  snow  constantly  increases  as 
it  descends,  and  exact  calculation  according  to  physical  experi- 
ment shows  us  that  the  amount  of  potential  energy  lost  in  every 
stage  of  the  operation  is  precisely  equal  to  the  amount  of  kinetic 
energy  gained.  The  process  may  be  inverted  if  we  consider 
kinetic  energy  to  be  originally  communicable  to  a  body,  suppose, 
for  simplicity,  in  a  vertically  upward  direction."  As  in  the 
illustration  by  Lockyer,  4%  a  stone  thrown  into  the  air  gradually 
loses  velocity  as  it  ascends  higher  and  higher;  for  an  instant, 
when  it  has  lost  all  velocity,  it  pauses  and  then  returns,  gradually 
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gaining  velocity  as  it  in  turn  loses  its  advantage  of  position. 
Calculation  applied  to  this  case  shows  that  at  every  stage 
whether  of  the  ascent  or  of  the  descent,  the  sum  of  the  poten- 
tial and  the  kinetic  energies  remains  precisely  the  same  except 
in  so  far  as  it  is  modified  by  resistance  of  the  air.  This,  how- 
ever, gives  us  no  exception  to  the  general  truth  of  the  prin- 
ciple of  conservation  of  energy,  because  any  energy  lost  by  the 
stone  is  communicated  without  loss  of  quantity  to  the  sur- 
rounding air." 

The  conclusions  arrived  at  from  the  experiments  of  Joule  on 
the  mechanical  equivalent  of  heat  (766)  show  that  in  the  passage 
of  energy  from  one  form  to  another  nothing  is  lost.  Energy  is 
as  indestructible  as  matter  itself.  Its  disappearance  in  one  form 
is  only  its  translation  into  an  absolutely  equivalent  amount  of 
some  other  form  or  forms.  The  total  quantity  of  matter  does 
not  vary,  neither  does  that  of  energy.  To  quote  from  Dr. 
Arnott : 

"There  may  be  an  ebb  and  flow  between  the  relative  amounts 
of  the  various  energies,  but  the  sum  of  them  all  is  constant  and 
invariable  throughout  our  universe.  There  may,  indeed,  be  a 
tendency  of  all  the  present  energies  of  nature  ultimately  to  pass 
into  one  uniformly  diffused  heat-quiver;  it  may  be  indeed  that 
in  some  incalculably  remote  age  all  the  changes  will  have  been 
rung  upon  the  present  distribution  of  the  forms  of  energy,  and 
that  the  vitality  of  all  nature  will  exist  merely  as  a  universal 
poise.  Yet  the  grand  generalization  of  modern  times  constrains 
ns  to  believe  that  in  that  pulse  will  be  found  the  exact  represen- 
tative of  every  motion  and  form  of  energy  at  present  operating 
around  or  within  us;  that,  in  fact,  energy  is  co-eternal  with  matter. 
We  cannot  say  that  we  know  fully  the  nature  of  the  different 
energies  such  as  magnetism,  heat,  electricity,  and  chemical 
affinity ;  but  the  principle  of  the  Conservation  of  Energy,  with 
which  alone  the  facts  discovered  by  modern  experiment  appear 
reconcilable,  justifies  us  in  regarding  them  all,  either  as  some 
species  of  actual  motion  or  as  some  sort  of  potential  energy 
inherent  in  definite  arrangements  of  those  minute  particles 
which  form  the  foundation  of  the  material  universe." 

W2.  Degradation  of  Energy. — Returning  again  to  the  work  of 
Prof.  Tait,  he  says :  "We  contemplate,  therefore,  with  reference 
to  energy,  its  conservation,  which  merely  asserts  its  objective 
reality;  its  transformations,  which  render  it  indispensable  to 
the  existence  of  life  and  the  physical  changes  in  the  universe  ; 
batit  has  in  addition  another  and  even  more  curious  property. 
^e  have  seen  that  change  is  essential  to  the  existence  of  phe- 
nomena such  as  we  observe,  and  that  this  change  may  take  place 
it  ig  necessary  that  there  should  be  constant  transformations  of 
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energy.  But  some  forms  of  energy  are  more  capable  of  being 
transformed  than  others,  and  every  time  that  a  transformation 
takes  place  there  is  always  a  tendency  to  pass,  at  least  in  part, 
from  a  higher  or  more  easily  transform  able  to  a  lower  or  less 
easily  transformable  form. 

"Tims  tin:-  energy  of  the  universe  is,  on  the  whole,  constantly 
passing  from  higher  to  lower  forms,  and,  therefore,  the  p«M- 
liiliiy  of  transformation  is  becoming  smaller  and  smaller,  so 
that  in  the  tapes  of  sufficient  time  all  higher  forms  of  energy 
must  have  passed  from  the  physical  universe,  and  we  can  imagine 
nothing  us  remaining  except  those  lower  forms  which  are  in- 
capable so  far  as  we  yet  know  of  any  further  transformation. 
The  low  form  to  which  all  transformations  with  which  we  are 
at  present  acquainted  seem  inevitably  to  tend,  is  that  of  uni- 
formly diffused  heat.  We  know,  in  fact,  that  in  order  to  make 
any  use  of  heat — to  transform  it  into  mechanical  power  or  into 
any  other  form  of  energy — it  is  absolutely  necessary  that  we 
should  have  boJies  of  different  temperatures.  We  must,  as  it 
were,  have  a  source  nnd  a  condenser.  Now,  when  all  the  energy 
of  the  universe  has  taken  the  final  form  of  uniformly  diffused 
heat,  it  will  be  obviously  impossible  to  make  any  use  of  tlii> 
heat  for  further  transformation.  Thus,  so  tar  as  we  can  as  yet 
determine,  in  the  far  distant  future  of  the  universe  the  quantities 
of  matter  and  energy  will  remain  absolutely  as  they  now  are; 
the  matter  unchanged"  alike  in  quantity  and  quality,  hut  collected 
together  under  the  influence  of  its  mutual  gravitation,  so  that 
then  remains  no  potential  energy  of  detached  portions  of 
matter;  the  energy  also  unchanged  in  quantity,  but  entirely 
transformed  in  quality  to  the  low  form  of  uniformly  diffused 
heat."- 

273.  Dissipation  of  Energy. — Tiiis  is  by  no  means  well  under- 
stood, and  many  of  the  results  nt'  its  legitimate  application  have 
been  received  with  doubt,  sometimes  even  with  attempted 
ridicule.  Yet  it  appears  to  be  at  the  present  moment  by  fur  the 
most  promising  and  fertile  portion  of  natural  philosophy,  having 
obvious  applications  of  which  as  yet  only  a  small  percentage 
appear  to  have  been  made.  Some,  indeed,  were  made  before 
the  enunciation  of  the  principle,  and  have  since  been  recognized 
as  instances  of  it.  Of  such  we  have  good  examples  in  Fourier's 
great  work  on  heat-conduction,  in  the  optical  theorem  that  an 
image  can  never  be  brighter  than  the  object  :  in  (Jaus's  mode  <>\ 
investigating  electrical  distribution,  and  in  some  of  Thomaott'a 
theorems  as  to  the  energy  of  an  electro-magnetic  field. 

There  can  be  little  question  that  the  principle  contains  the 
whole  theory  of  thermo-electricity,  of  chemical  combination,  of 
allotropy,  of  fluorescence,  etc.,  and  perhaps  even  of  matters  of 
a  higher  order  than  common  physics  and  chemistry. 
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Thus  also  it  is  possible  that  in  physiology  it  may  ere  long 
lead  to  results  of  a  different  and  much  higher  order  of  novelty 
and  interest  than  those  yet  obtained,  valuable  though  these  cer- 
tainly are. 

"It  was  a  grand  step  in  science  which  showed  that  just  as  the 
consumption  of  fuel  is  necessary  to  the  working  of  a  steam- 
engine  or  to  the  steady  light  of  a  candle,  so  the  living  engine 
requires  food  to  supply  its  expenditure  in  the  forms  of  muscular 
work  and  animal  neat.  Still  grander  was  Rumford's  early 
anticipation  that  the  animal  is  a  more  economic  engine  than 
any  lifeless  one  we  can  construct.  Even  in  the  explanation  of 
this  there  is  involved  a  question  of  very  great  interest,  still  un- 
solved, though  Joule  and  many  other  philosophers  of  the  highest 
order  have  worked  at  it.  Joule  has  given  a  suggestion  of  great 
value,  viz.,  that  the  animal  resembles  an  electro-magnetic  rather 
than  a  heat-engine;  but  this  throws  us  back  again  upon  our 
difficulties  as  to  the  nature  of  electricity.  Still,  even  supposing 
this  question  fully  answered,  there  remains  another — perhaps 
the  highest  which  the  human  intellect  is  capable  of  directly 
attacking,  for  it  is  simply  preposterous  to  suppose  that  we  shall 
ever  be  able  to  understand  scientifically  the  source  of  conscious- 
ness and  volition,  not  to  speak  of  loftier  things — there  remains 
the  question  of  Life.  It  may  be  startling  to  some  of  you,  espe- 
cially if  you  have  not  particularly  considered  the  matter,  to 
hear  it  surmised  that  possibly  we  may  by  the  help  of  physical 
principles,  especially  that  of  the  dissipation  of  energy,  some 
time  attain  to  a  notion  of  what  constitutes  life — mere  vitality,  I 
repeat,  nothing  higher.  If  you  think  for  a  moment  of  the 
vitality  of  a  plant  or  a  zoophyte,  the  remark  will  not  appear  so 
strange  after  all.  Do  not  fancy  that  the  dissipation  of  energy 
to  which  I  refer  is  at  all  that  of  a  watch  or  such  like  piece  of 
mere  human  mechanism,  dissipating  the  low  and  common  form 
of  energy  of  a  single  coiled  spring.  It  must  be  such  that  every 
little  part  of  the  living  organism  has  its  own  store  of  energy 
constantly  being  dissipated,  and  as  constantly  replenished  from 
external  sources  drawn  upon  by  the  whole  arrangement  in  their 
harmonious  working  together.  Sir  W.  Thomson's  splendid 
suggestion  of  vortex-atoms,  if  it  be  correct,  will  enable  us 
thoroughly  to  understand  matter,  and  mathematically  to  in- 
vestigate all  its  properties.  Yet  its  very  basis  implies  the  absolute 
necessity  of  an  intervention  of  creative  power  to  form  or  to 
destroy  one  atom  even  of  dead  matter.  The  question  really 
•tands  thus :  Is  life  physical  or  no  ?  For  if  it  be  in  any  sense, 
however  slight  or  restricted,  physical,  it  is  to  that  extent  a 
subject  for  the  natural  philosopher,  and  for  him  alone." 

274.  Subdivisions  of  Energy.  —  The  various  phenomena  ex- 
hibited by  matter,  and  which  result  from  the  influence  of  energy 
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thereupon  may  therefore,  be  grouped  under  two  grand  divisio  «* 
Potential  energy  or  attraction,  and  kinetic  energy  or  motion.  Ylam.* 
of  these  may  be  studied  under  three  phases  or  conditions.  3  » 
Molar,  or  attraction  and  motion  as  related  to  masses  of  raatt^*" 
2d.  Molecular,  or  attractions  and  motions  of  molecules ;  and  &** 
Atomic,  or  the  attractions  and  motions  of  atoms.  Molar  att*-**5 
tion  and  motion  belong  properly  to  mechanics ;  Molecular  *& 
tractions  and  motions  to  physics ;  Atomic  attractions  and  moti*"***1 
to  chemistry.  Each  of  these  in  its  turn  presents  minor  sut*«*r 
visions,  examples  of  which  are  given  in  the  following  tabu  I  *f 
presentation  of  the  subject. 

I   Mular.     3If«'lmiii<-A    .     .     .       (irmitv. 
Potential  or  | 

Energy  of    j  Mvlwnlar.     IMivnio  proper.  /  C"}****"*- 
Piinition  iiiul   j  \  Adhrm.m. 

Attraction.     I 

i  Atomic.    riifiuii>trv   .     .     .       Affinity,  or  <1i<*nii*ni. 


Kint'tir  »»r 

Kiktkv  of 

M«*ti<>n 


Molar      Mtthunics 


Molit-tilar.     IMivkIi's  profier. 


Dirurt,  or  Itartiliwur  truiii>lntii>n. 
OwMlutory,  or  Reciprocating 
Itotatory 

('••ntrifupil  and  Centripetal. 
Dinvt  <>r  tniiiHlatioii  .     . 


Vihrat.iry  .  /) 
Ita-iprucaiiiiK  - 
Rotatory     .     .  ) 


(   Axial. 
•    Rrtf-ntrk- 
j.  Orbital. 


f  Capillarity 
\  Ihffu«iob 


Sound. 
U«ht. 
llnU 

Kltrtririty  aod 
Magnetim,  «*\ 


j   Atomic.     <  'tiemfotry  .     .     .       Affinity  or  Chemunn  .     .     . 


•{ 


Combination. 
Itorotnpuritloa. 


Of  the  above  divisions,  since  atomic  attraction  and  atomic 
motion  belong  to  chemistry,  they  are  eliminated  from  the  present 
discussion.  Molar  attraction  and  motion  we  are  obliged  to 
examine  to  a  certain  extent  to  enable  us  to  form  proper  concep- 
tions regarding  molecular  attractions  and  motions.  Molecular 
motion  presents  many  phases  attended  by  distinct  and  charac- 
teristic phenomena. 

275.  Ideas  Regarding  Force. — According  to  Newton's  first  law 
of  motion,  Force  is  any  cause  which  alters  or  tends  to  altera  body's 
stale  of  rest  or  of  uniform  motion  in  a  straight  line. 

Matter  at  rest  cannot  change  its  condition  of  itself;  matter 
in  motion  cannot  of  itself  change  its  course  from  uniform  move- 
ment in  a  straight  line.  This  property  of  matter  has  been 
described  as  inertia  (42).  Anything  which  produces  motion  in 
a  material  point  or  in  a  mass,  or  which  changes  the  character 
or   rate  of  a   movement,  is   a   force.     Thus  gravity,  friction. 


ATTRACTION.  239 

lsisticity  of  springs  and  vapors,  magnetism,  are  examples  of 
orce. 

Jfomentary  forces  are  those  which  last  but  for  a  brief  moment 
>f  time,  and  are  called  into  play  by  explosions,  electric  dis- 
charges, and  impulses  of  various  kinds.  Continuous  forces  are 
those  which  endure  in  their  action,  like  gravitation  or  magnetism. 
A  continuous  force  which  does  not  vary  is  called  constant. 
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Molar  attraction.  Gravity — Molecular  attraction — Adhesion  ot  solid  and  solid — 
Cements — Soldering — Adhesion  of  solid  and  liquid — Drops  and  minims 
—Solution — Adhesion  of  solid  and  gas. 

276.  Molar  Attraction.  Gravity. — The  fact  that  two  masses  of 
matter  exert  an  attractive  influence  on  each  other  is  shown  by 
the  following  experiments:  A  small  object,  as  a  bullet,  is 
suspended  by  a  delicate  thread,  and  made  to  oscillate  across 
the  field  of  a  microscope.  The  thread  as  it  moves  to  the  right 
and  left  passes  to  the  same  distance  on  each  side  of  the  cen- 
tre of  the  field  of  the  instrument,  as  may  be  measured  by  a 
micrometer.  If  a  large  mass,  as  a  cannon-ball,  be  then  brought 
in  the  vicinity  of  the  oscillating  bullet,  and  the  movements  of 
the  thread  watched  through  a  microscope,  they  will  no  longer 
be  found  to  be  equal  in  extent  on  each  side  of  the  centre  of  the 
field,  but  will  be  greater  in  the  direction  towards  the  cannon- 
hill.  The  two  masses  of  matter,  therefore,  exert  an  attractive 
action  on  each  other,  which  is  best  seen  in  the  case  of  the  smaller 
body,  but  is  also  present  in  the  larger,  though  it  is  not  so  evident 
od  account  of  its  greater  size. 

That  both  masses  are  affected  by  the  attractive  force  may  be 
fhown  by  placing  a  globule  of  mercury  on  the  stage  of  a  pro- 
jection lantern.  The  stage  of  the  instrument  must  be  in  a  hori- 
zontal position.  By  means  of  a  slender  knife-blade  the  globule 
may  be  separated  into  smaller  portions.  As  one  of  these  is 
gently  approached  towards  another,  it  will  be  seen  on  the  screen 
to  move  quietly  until  a  certain  distance  is  reached,  then  the  two 
maaaes  jump,  as  it  were,  towards  each  other  and  unite,  forming  a 
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single  globule.  In  case  one  globule  is  greater  than  the  other 
the  motions  occur  in  both,  but  the  larger  moves  through  a  less 
distance  than  the  smaller  in  proportion  as  its  size  is  greater. 

Masses  of  matter,  therefore,  possess  a  mutual  power  of  attrac- 
tion— this  is  inherent  to  all  matter.  It  is  the  force  by  virtue  oi 
which  the  particles  of  all  bodies  tend  towards  each  other.  It 
exists  between  them  when  at  rest  and  when  in  motion.  It  is 
effective  no  matter  how  great  or  bow  small  the  separating  space 
may  be,  or  whether  it  is  occupied  by  other  matter  or  not. 

For  the  conception  of  universal  attraction  we  are  indebted  to 
Sir  Isaac  Newton,  who  determined  the  law  of  its  action  as  is 
expressed  in  the  following  terms:  "The.  attraction  between  two 
material  parti'-les  if  tlirerth/  proportional  to  the  product  of  (heir  masses, 
and  inversely  proportional  to  the  square  of  their  distances." 

To  indicate  the  attraction  of  the  earth  for  objects  on  its  sur- 
face, the  word  gravity  is  used. 

277.  Molecular  Attraction  is  of  two  kinds,  cohesion  and  adhe- 
sion. Cohesion  is  the  force  which  binds  together  molecules  of 
the  same  kind.  The  experimental  illustration  of  this  force  has 
been  given  in  (18).  Its  variation  in  the  different  forms  of  solid, 
liquid,  and  gaseous  matter,  has  also  been  discussed  in  the  study 
of  these  varieties  of  matter. 

Adhesion  is  the  force  which  binds  together  different  kinds  erf 
molecules  or  different  masses  of  matter.  It  may  be  considered 
under  three  divisions:  1st.  Solid  and  solid.  2d.  Solid  and 
liquid.  3d.  Solid  and  gas.  By  many,  cohesion  and  adhesion 
are  regarded  as  being  essentially  the  same. 

278.  Adhesion  of  Solid  and  Solid.— Two  Hat  surfaces  pressed 
firmly  together  will  adhere  more  or  less  perfectly.  Two  piece* 
of  glass,  the  surfaces  of  which  are  ground  flat  and  which  are 
called  adhesion  plates,  will  adhere  when  they  are  pressed 
together  with  a  slidiug  motion.  That  the  adhesion  is  in  no  way 
a  result  of  pressure  of  the  air,  is  shown  by  the  fact  that  the 
plates  remain  adherent  though  suspended  in  a  vacuum.  The 
more  the  contact  and  pressure  are  prolonged,  the  tinner  ia  the 
adhesion.  It  is  by  virtue  of  adhesion  of  this  kind  that  germs 
of  all  varieties  become  attached  to  motes  in  the  air,  to  clothing, 
and  to  walls  of  buildings.  Friction  is,  to  a  certain  extent,  the 
product  of  adhesion. 

279.  Cements. — Adhesion  may  be  rendered  more  perfect  by 
the  employment  of  liquid  glue  and  other  cements  which  leave 
no  empty  spaces  on  drying  or  hardening.  In  these  cases  adhe- 
sion of  the  cement  is  often  so  strong  that  fracture  occurs  more 
readily  in  other  parts  than  in  those  which  are  c€ 
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greater  intensity  of  adhesive  over  cohesive  force  is  shown  by 
ae  fact  that  the  thinner  the  layer  of  cement  the  stronger  its 
action. 

Cements  resemble  in  properties  the  bodies  they  nnite. 
Stones  are  cemented  by  mortar  made  of  lime  and  sand,  which 
are  rock-like  in  their  origin.  Organic  bodies,  as  wood,  paper, 
and  leather,  are  joined  with  glue,  isinglass,  and  gum,  which  are 
also  organic.  Metals,  with  solder  made  of  other  metals;  the 
solder  should  have  a  rate  of  expansion  under  the  influence  of 
heat  intermediate  between  the  expansion  rates  of  the  two  metals 
to  be  united  (280). 

It  is  not  easy  to  cement  together  bodies  which  are  unlike  in 
nature,  as,  for  example,  metal  and  glass.  This  is  largely  owing 
to  differences  in  their  rates  of  expansion.  The  only  metal 
which  can  be  directly  united  with  glass  is  platinum.  If  the 
platinum  is  plated  with  aluminium  the  union  is  more  satisfac- 
tory, since  aluminium  becomes  coated  with  an  oxide  which 
approaches  glass  in  its  character,  and  so  forms  a  more  per- 
fect joint. 

The  necessities  of  surgery  often  demand  that  various  kinds 

of  surgical  appliances  consisting  of  heterogeneous  substances 

should  be  united.     To  meet  conditions  already  existing,  and  to 

suggest  other  appliances  that  might  be  devised,  the  following 

list  of  cements  is  given. 

Pluter  of  Paris,  with  or  without  solution  of  borax.  Roman  or  hydraulic 
cement  hardens  under  water.  Mastic  cement  made  of  Portland  limestone  finely 
pound,  mixed  with  sand  and  litharge.  This  is  made  into  a  paste  with  raw  or 
bailed  linseed  oil,  when  it  is  to  be  used.  The  surfaces  to  which  it  is  applied  should 
be  <»iled  to  secure  adherence.  100  of  the  mixture  require  7  of  oil.  For  Portland 
rock,  the  fine  dust  from  the  sawing  of  slabs  of  marble  may  be  substituted. 

The  tbove  are  useful  in  the  making  of  casts  of  tumors  and  malformations 
under  various  conditions.  Mastic  cement  is  especially  useful  for  various  hygienic 
ipplicstions,  at  cementing  the  floors  of  cellars  and  so  preventing  ingress  of 
Dtoiiture  and  emanations.     It  is  used  in  London  to  cover  brick-work. 

Beiinous  and  glutinous  cements  are  very  numerous.  In  the  preparation  of 
physical  tod  chemical  apparatus,  the  cement  usually  employed  is  a  mixture  of 
ft*io  tnd  beeswax,  melted  together  and  colored  with  very  fine  brick-dust,  or 
totter  yet  with  vermilion,  a  very  little  of  which  goes  a  long  way.  The  hardness 
of  tbii cement  may  be  varied  at  pleasure  during  its  preparation,  by  allowing  a 
drop  of  it  to  dry  on  a  piece  of  metal  and  testing  it  with  the  thumb-nail,  and  add- 
ing more  beeswax  or  rosin  as  is  necessary.  It  is  very  useful  in  cementing  cork  to 
8*«i  tod  in  closing  the  leakage  through  the  pores  of  cork  used  in  making  ap- 
puitmfor  experimenting  with  gases.  The  layer  of  cement  should  be  as  thin  as 
P°*ible  when  it  is  used  to  unite  surfaces. 

8e^en  of  rosin,  one  of  beeswax  melted,  and  a  little  plaster  of  Paris  added,  is 
^commended  at  a  cement  for  stones  and  earthenware.  The  substance  must  be 
hot  enough  to  melt  the  cement,  and  the  pieces  should  be  very  firmly  pressed 
totetber. 

■elted  sulphur  is  used  to  unite  metals  and  stone. 

A  jeweller's  cement  is  made  of  isinglass  soaked  in  water  till  it  swells,  this 
udttiolved  in  brandy  or  in  rum.  In  two  ounces  of  this  mixture,  a  little  gum 
gslbtnum  or  rum  ammoniacum  is  dissolved  by  trituration.  A  piece  of  mastic  the 
tin  of  a  marble  is  then  dissolved  in  as  little  alcohol  as  possible,  and  mixed  with 

16 


242  POTENTIAL    ENERGY. 

the  preceding  at  1 .10°  V.  The  cement  ia  kepi  in  a  closely  stoppered  vul.  The 
vial  ib  immersed  in  liut  water  when  il  ia  to  he  used.     It  resists  moisture. 

Another  cement  winch  resists  nmi-ture  is  made  by  mixing  n  solution  of  itin- 
glass  in  proof-spirit  with  it  solution  of  shellac  in  alcohol. 

Common  glue  melted  without  water,  with  hull"  its  weight  of  rosin  and  a  litt It- 
rod  ochre  added  to  give  il  body,  also  forms  a  cement  which  resists  water. 

Clay  and  oxide  of  iron  make  n  cement  which  hardens  under  water. 

A  cement  for  iron  to  close  cracks  and  ere*.  ice»,  as  in  healing  furnaces,  may  I* 
made  of  2  parts  of  sal-ammoniac,  1  of  (lowers  of  sulphur,  Hi  of  cast-iron  tilings. 
These  should  he  well  pounded  together  in  a  mortar  und  kept  dry.  When  mad, 
1  |.;i:  I  should  be  ground  in  a  mortar  with  L1J  'if  iron  tilings,  and  water  added  to 
form  a  paste  of  proper  consistency  In  hi-  applied  In  the  joints. 

A  cement  lor  boilers  is  made  of  6  of  clay,  1  of  iron  filings,  and  linseed  oil  suf- 
ficient to  form  a  thick  paste. 

A  solution  of  caoutchouc  or  India-rubber  in  a  mixture  of  1(10  parts  of  hisul- 
phido  of  carb.m,  and  8  of  alcohol,  is  an  excellent  cement  for  leather  and  similar 
substances. 

0m  of  rubber,  four  of  coal  tar,  with  two  of  shellac  added.  When  the  solution 
is  complete,  and  the  whole  heated  Id  an  iron  vessel,  it  makes  a  very  strong  glue. 

Caoutchouc  cements  are  waterproof. 

Regarding  cements  for  microscopic  preparations,  Prof.  Car- 
penter says: 

"Jnpnii'ier'a  gi.ld  aiu  is  the  most  trustworthy  or  all  cements  for  closine-in 
mounted  objects  of  almost  any  description.  It  lakes  a  peculiarly  firm  hold  of 
glass;  and  when  dry  il  becomes  extremely  tough  without  britlleness.  When 
new  it  is  very  liquid  and  runs  rather  loo  freely;  it  is  often  advantageous  to 
leave  open  for  a  time  the  bottle  containing  it  until  the  varnish  is  somewhat 
thickened." 

"Atphalf  Burnish,  This  is  a  black  varnish  made  by  dissolving  half  a  drachm 
of  caoutchouc  in  mineral  naphtha,  and  then  adding  four  ounce*  of  aiphaltum, 
using  heal  if  necessary  for  its  solution.  It  is  very  important  that  the  a>phaltum 
should  be  genuine,  and  ihe  other  materials  of  tin.*  best  quality." 

••Black  japan.  The  varnish  sold  at  oolor-sliops  under  khM  name  may  lie  used 
for  the  same  purposes  as  the  preceding.  When  amployad  for  m-afcl^  >  cement- 
cells,'  the  slides  to  which  it  has  been  applied  should  Ik-  exposed  to  the  heat  of  an 
oven  nut  raised  s-<  high  »-  t"  cause  il  to  blister;  this  will  increase  iu  adhesion  to 
the  glass  slide,  and  will  lliittcn  the  surface  of  the  rings." 

••Dammar  cement,  made  by  dissolving  gum  dammar  in  benzole,  and  adding 
about  one-third  of  gold  size,  has  the  advantage,  of  drying  very  quickly  ;  and 
may  be  preferably  Lined  for  a  Hrst  coat  when  glycerine  il  UH  as  the  material  for 
mounting." 

••Canada  balsam    is  so  brittle  when  hardened  by  time  that  it  cannot  he  safely 


cement,  except  fur  the  special    purpose  <>f  attaching   hard  specimens  V, 
order  that  they  may  he  reduced  by  grinding." 
Shellac  rraieal  is  made  by  keeping  small  pieces  of  picked  shellac  in  a  bottle  of 


recliHed  spirits,  and  shaking  il  from  lime  lo  lime.     Il  cannot  be  rttOI nd-.l  _ 

a  substitute  for  any  of  tho  preceding;  as  when  dry  and  hard  it  has  liitle  hold 
on  glass.      But  it  answers  very  well  fur  making  cells  for  dry-mounting." 

"Afnn'-M!  atue,  which  is  composed  of  sIicIIkc,  caoutchouc,  and  naphtha,  ts  dis- 
tinguished by  its  extraordinary  tenacity,  and  by  its  power  of  resitting  ■oh-Mtt 
of  alimwl  every  kind.  Different  qunlitio-,  .if  ihis  substance  are  made  fur  the 
several  purposes  to  which  it  is  applied  ;  and  llie  one  most  .uilable  to  Ihe  want*  ,-f 
the  mieroscopist  is  known  in  commerce  as  GK4.  The  special  value  of  this 
cement,  which  can  only  he  applied  hoi,  is  in  alUchinir.  I"  glass  slides  the  glass  or 
metal  rings,  which  thus  form  'cells'  for  the  reception  of  object*  to  1*  ro. .utile, \ 
in  fluid  ;  no  other  cement  being  comparable  to  iteither  for  tenacity  or  durability." 

"Fot  nit  aching  labels  und  covering  papers  to  slide*  either  of  glass  or  wood, 
and  for  fixing  down  small  objects,  nothing  is  preferable  to  a  rather  thick  rum  il.-.. 
Of  gum  arable  to  which  enough   glycerine   has    been    added  to   prevent    '■    ' 
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Jrying  hard,  with  a  few  drops  of  some  essential  oil  to  prevent  the  development 
>f  mould.  The  following  formula  has  also  been  recommended  :  Dissolve  2  oz. 
►f  gum  armbic  in  2  oz.  of  water,  and  then  add  J  of  an  oz.  of  soaked  gelatine  (for 
fae  •olution  of  which  the  action  of  heat  will  be  required)}  30  drops  of  glycerine, 
ifid  *  lump  of  camphor." 

280.  Soldering. — To  unite  metals,  solders  formed  of  tin  and 

ead  are  commonly  employed.     Of  these  there  are  three,  viz.: 

(hie  solder,  2  parts  tin,  1  part  lead;  common  solder,  equal  parts  of 

each  metal;  and  coarse  solder,  2  parts  lead,  and  1  part  tin.   These 

in  each  case  are  fused  together,  and  cast  into  bars.   The  surfaces 

to  be  united  should  be  clean  and  bright.    To  prevent  formation 

of  oxide,  which  would  injure  a  perfect  union  of  the  surfaces, 

pulverized  rosin  is  dusted  over  the  objects  to  be  united;   on 

tbe  application  of  heat  either  by  the  hot  bolt  or  blowpipe  flame, 

the  rosin  melts  and  prevents  action  of  the  oxygen  of  the  air 

upon  the  metals. 

Many  metals,  as  copper,  must  be  tinned  before  they  can  be 
united  by  soldering.  To  accomplish  this,  the  surface  is  first 
scraped  or  tiled  clean,  it  is  then  heated,  aud  a  little  chloride  of 
zinc  solution  or  a  little  powdered  sal-ammoniac  dusted  on.  It 
is  theu  touched  with  the  rod  of  tin.  If  sufficiently  heated,  it  is 
instantly  coated  with  tin.  The  excess  of  tin  is  wiped  off,  and 
the  metallic  surfaces  united  under  a  suitable  temperature,  more 
tin  or  solder  being  used  if  necessary. 

Silver  solder  contains  66  per  cent,  of  silver  with  zinc  and 
copper.  The  practical  application  of  soldering  arises  continu- 
ally in  electrioal  experimentation. 

281.  Adhesion  of  Solid  and  Liquid. — Of  this  the  following  ex- 
periment is  an  example.  A  glass  plate  is  suspended  by  threads 
so  that  its  surfaces  are  horizontal,  it  is  then  lowered  on  a 
clean  surface  of  mercury,  which  has  been  poured  into  a  shallow 
dish  or  plate.  The  moment  the  glass  and  mercury  come  in 
contact,  they  adhere  with  such  firmness  that  considerable  force 
is  required  for  their  separation. 

This  form  of  adhesion  is  stronger  than  that  between  solids. 
If  oil  or  water  be  placed  between  the  adhesion  plates  (278),  they 
adhere  much  more  firmly  than  without  it.  In  the  case  of  lower- 
inga  suspended  glass  plate  on  the  surface  of  water  (18),  adhesion 
of  the  fluid  for  the  solid  is  greater  than  cohesion  of  the  molecules 
of  the  fluid  for  each  other.  This  is  demonstrated  by  the  fact 
that  when  the  plates  are  separated,  both  surfaces  are  uniformly 
coated  with  liquid.  The  force  which  has  torn  the  molecules  of 
liquid  asunder,  has  been  inadequate  to  separate  the  molecules  of 
liquid  from  those  of  the  solid. 

The  same  solid  may  show  different  powers  of  adhesion,  or 
wetting  power  for  different  fluids.     A  drop  of  alcohol  falling 
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upon  a  surface  of  glass  covered  by  a  film  of  water,  will  drive  tk*^ 
water  before  it,  stripping  it  from  the  surface  ol  the  glass  fc*- 
virtue  of  its  greater  wetting  or  adhering  power.  On  the  otb^^ 
hand,  mercury  and  melted  metals  show  little  or  no  wettir^  -* 
power  for  glass. 

It  is  the  difference  in  wetting  power  or  adhesion  that  caus^^ 
water  and  mercury   to   stand   with   curved   surfaces   in   gla^^ 
vessels.    The  one  with  the  concavity  upwards,  the  other  with  E 
downwards. 

The  condition  of  a  surface  also  has  an  important  influence  or^ 
the  wetting  power  of  a  liquid.    To  show  its  true  adherent  power--, 
a  surface  must  be  chemically  clean.     Photographers  are  wel^ 
aware  of  this  fact,  and  resort  to  various  devices  to  obtain  th^ 
result.     If  they  fail,  they  will  in  vain  endeavor  to  secure  the* 
adherence  of  the  film  of  collodion  to  the  surface  of  the  glass 
plates  on  which  it  is  spread. 

282.  Drops  and  Minims. — In  measurement  of  liquids  for  medi- 
cal purposes,  both  of  these  are  employed.  In  the  case  of  the 
minim  it  is  a  fixed  measured  quantity,  the  sixtieth  part  of  a 
fluid-drachm.  In  the  case  of  the  drop  the  quantity  is  very 
variable. 

A  drop  is  the  resultant  of  three  forces,  viz. :  gravity,  cohesion, 
and  adhesion.  As  these  vary,  so  does  the  size  of  the  drop  vary. 
Liquids  which  are  heavy,  form  small  drops.  Those  which  are 
very  cohesive,  form  large  drops.  The  material  of  which  the 
vessel  is  made  and  the  form  of  its  lip,  by  influencing  the  adhe- 
sive force,  regulates  the  size  of  the  drop.  In  view  of  the 
importance  of  these  facts  in  practical  medicine,  the  following 
table  of  drops  to  the  fluid-drachm  of  various  medicines  is 
given.     It  is  taken  from  the  U.  S.  Dispensatory. 


Acid,  avetio  Lcry»tel!t£aM»- 
Aci   .  h\dn«cvanic    med  c:n»l 

* 

Acid,  muriatic 

Acid,  nrtric   ... 

Acid,  nitric,  diluted    \  t»>  T  ■ 

Acid.  *u?phurtc      .... 

Acid.  »u!ph«ric.  aromatic 

Acid.  sulphuric,  diluted    1  t»*  T 

Alcohol    revtid»d  >piri: 

Alcohol,  dilated  .  p:\of  spirit- 

Arsenite  of  j^:*>»*.  *o!utt  -n  of 

Ether.  >u"phu-ic    . 

Oii  of    aziw^l.  of   cinnamon.   of 

c-trt.  of  p*i  |«nuint.  of  >weet 

almord*.  *.  t  c!:y«* 


"4 
S4 

"il 

VO 

llV 

M 

r.v 
•». 


nv 


Tincture    «•!     a««afti»t:.da.     -»f    f.»\- 

s»lo\e,  of  cuaiac.  «»f  opium  120 

Tincture  of  chl  nde  of  in»n  .  1JI2 

Vinecar.  d:«tilled  ....  78 

Vinegar  of  colonic  .m    ...  78 

Vinegar  of  opiuni    black  drop,  78 

Vir.ecar  «f  *-}uil,  7S 

Water,  drilled      ....  45 

Water  of  ammonia    *i-onjj«  .  .>4 

Water  of  ammonia    weak;    .  46 

Wine    Tent  rifle     ....  78 

Wire,  ar.tinvmial .  72 
W*r.c  of  co'chicum 
W;ne  of  «>pium      .... 


75 

78 


283.  Solution. — When  a  solid  dissolves  in  a  liquid,  cohesion 
of  the  molecules  of  the  solid  is  broken  bv  their  adhesion  for  the 
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molecules  of  the  liquid.  The  limit  of  solubility  is  reached  or  a 
saturated  solution  formed,  when  the  attraction  of  adhesion  and 
that  of  cohesion  are  balanced  (339).  The  act  of  solution  is 
usually  attended  by  a  fall  in  temperature,  produced  by  conver- 
sion of  sensible  into  latent  heat.  When  solution  of  a  solid  is 
attended  by  chemical  action,  as  the  formation  of  a  hydrate, 
there  is  a  rise  of  temperature,  as  in  the  case  of  lime. 

Anything  that   reduces  the   force   of  cohesion   favors  that 
of  adhesion.    If  we  desire  to  dissolve  salt  or  sugar  more  rapidly, 
we  pulverize  them.     The  solution  is  accelerated  by  suspending 
the  solid  just  below  the  surface  of  the  liquid.     Heat  also,  by 
increasing  the  intermolecular  spaces,  generally  favors  solution. 
To  this  there  are  some  curious  exceptions.     A  solution  of  lime, 
for  example,  made  in  cold  water,  will  deposit  a  moiety  of  the 
solid  material  if  raised  to  the  boiling  point.     A  solution  of  sul- 
phate of  soda,  made  in  ice-cold  water,  deposits  hard  gritty  crys- 
tals od  being  warmed. 

The  explanation  of  these  phenomena  seems  to  be,  that  both 
adhesive  and  cohesive  attractions  are  diminished  by  an  elevation 
of  temperature.  Cohesive  force  being  the  most  sensitive,  gen- 
erally suffers  more  than  adhesive ;  in  exceptional  cases  the  re- 
verse happens,  the  adhesion  has  then  suffered  the  most,  and 
solubility  is  consequently  diminished. 

As  a  rule,  solids  dissolve  in  liquids  which  have  similar  prop- 
erties; crystalline  bodies  in  water,  metals  in  mercury,  fats  in 
oils,  resins  in  alcohol.  This  constitutes  a  leading  difference 
between  the  molecular  adhesion  of  solution  and  chemical  attrac- 
tion. In  the  latter,  action  is  strongest  between  atoms  or  mole- 
cules which  are  unlike  in  their  nature.  The  liquid  which  takes 
up  the  solid  is  called  the  menstruum  or  solvent 

When  two  or  more  salts  are  dissolved  in  water  without 
chemical  action  on  each  other,  three  conditions  result :  1st.  The 
quantity  of  each  salt  held  in  solution  is  less  than  when  it  alone 
k  present,  though  the  combined  quantity  is  greater  than  when 
°nly  one  salt  is  used.  2d.  The  quantity  of  each  is  as  great  as 
when  only  one  is  used,  then  the  total  quantity  dissolved  is  the 
8om  of  that  taken  up  in  each  single  solution.  3d.  The  quantity 
dissolved  is  greater  than  when  one  alone  is  used ;  the  addition 
°/  the  second  salt  in  this  case  increasing  the  solubility  of  the 
ti^t,  and  often  the  first  increasing  also  the  solubility  of  the 
second.     See  (339). 

284.  Adhesion  of  Solid  and  Gas. — When  a  sheet  of  glass  is 
immersed  in  water,  bubbles  of  gas  appear  on  its  surface.  In 
this  case  the  bubbles  have  arisen  from  the  layer  of  air  which 
covered  the  surface  of  the  plate,  and  was  carried  down  by  it 
*hen  it  was  immersed  in  the  fluid.     The  bubbles  of  air  which 
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soon  appear  on  the  inner  surface  of  a  goblet  of  freshly  drav^"  u 
cool  water,  also  afford  an  example  of  the  adherence  of  gas  <t° 
solid  surfaces. 

In  certain  cases  the  adherence  of  gas  to  a  solid  is  very  gr*^^*ti 
and  requires  resort  to  various  devices  to  overcome  it.  An  *=^  *" 
ample  of  this  is  offered  in  the  preparation  of  a  mercu*""*** 
barometer,  in  which  it  is  necessary  to  raise  the  temperatures  **• 
the  mercury  nearly  to  boiling  point  in  order  to  expel  the  ft  J-  B 
and  bubbles  of  air  which  adhere  to  the  surface  of  the  glass  tu  ■^-^< 

When  gases  are  evolved  by  electrolysis  on  the  surfaces  ^ 
plates  of  metal,  the  layer  of  gas  which  adheres  to  the  plate  Y  -»  ^ 
such  increased  densitv  that  it  can  cause  chemical  actions  ^ 
which  it  is  incapable  in  the  free  state.  Gases  in  this  conditi  -^^ 
are  called  nascent.     See  (335,  336). 

The  employment  of  bodies  in  the  nascent  state  or  conditi-^^*1 
has  proved  of  the  utmost  service  in  organic  chemistry.     It  m. 
be  said  that  the  great  advances  in  this  branch  of  science  a 
largely  due  to  the  utilization  of  the  property  in  question. 


SECTION   II. 
KINETIC  ENERGY-MOTIOK 


CHAPTER  III. 

GENERAL   PHENOMENA   OP   MOTION. 

Motion  and  repose — Velocity — Trajectory  and  law  of  movement — Kinds  of 

movement — Newton's  three  laws  of  motion. 

286.  Motion  and  Repose. — A  body  is  in  movement  in  relation 
to  another,  when  the  relative  positions  of  these  bodies  or  of  their 
parts  change  in  any  manner  whatsoever. 

A  body  is  in  repose  in  relation  to  another,  when  the  relative 
positions  of  these  bodies  or  of  their  parts  are  fixed  or  invariable. 
Vurther  expression  of  these  ideas  will  be  found  in  (41),  on 
mobility. 

In  the  true  or  abstract  idea  of  motion,  independent  of  its 
causes,  the  form  of  the  body  is  considered  without  regard  to  its 
other  properties,  whatever  they  may  be.  We,  therefore,  speak 
of  the  motion  of  a  point,  a  line,  a  surface,  a  volume,  and  not  of 
a  material  body.  The  body  or  figure,  the  motion  of  which  is 
studied,  is  called  the  mobile. 

In  modern  physics  the  study  of  motion  in  all  its  forms  and 
peculiarities  is  of  the  utmost  importance.  It  would  almost 
seem  that  Aristotle  was  moved  by  the  spirit  of  prophecy  when 
h«  gave  utterance  to  the  aphorism  "  lie  who  is  ignorant  of 
motion  is  necessarily  ignorant  of  all  natural  things." 

286.  Velocity  is  the  product  of  space  and  time :  it  represents 
tta  rate  of  movement.  In  English  works  when  not  otherwise  stated, 
&<  distance  i#  understood  to  be  measured  in  feet,  and  the  time  to  be  one 
wohd.  So  a  velocity  of  10  signifies  10  feet  per  second.  The 
fate  is  also  understood  to  be  uniform  unless  otherwise  stated. 
When  the  velocity  is  very  great,  as  in  the  movement  of  electricity, 
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it  is  given  in  miles  per  second.  The  following  are  examples  of 
velocities.  Knowledge  re  spin  ling  them  is  frequently  of  use  in 
medieo-lega!  inquiries. 

Electricity,  short  circuits not  less  lh»n  SQBjOQB 

Light IM.600 

Electric  currents  in  telegraph  wires  (voltaic) 12,000 


Kelative  motion  of  the  Bun  in  space 306,00 

Aerolites  nr  shooting  stare 114,000 

Mean  rate  of  the  earth's  centre  in  ita  orbit  round  the  sun  101, HH1 

Sound  traversing  solid  bodies 11.280 

Menu  velocity  of  air  from  explosion  of  gunpowder            ....  5,000 

Mound  traversing  water 4,4fiO 

Volcanic  stones  projected  from  the  volcano  of  Teneriffe,  171>8          .  8,000 

A  24-pmind  cannon  bail  (maximum)        .                  .      -.         .         .  2,450 

Rifle-ball  (maximum) 1,«00 

A  point  al  the  surface  of  the  earth  under  the  equator  1  .•'.">,". 

A  common  musket-ball  (maximum) 1.280 

Air  milling  into  a  vacuum        ...                    1,280 

Volcanic  stone*  projected  from  Etna        ....  1,260 
Sound  traversing  air  at  a  temperature  of  U0°                                             about  1,120 

Sound  traversing  air  at  82° 1,01*3 

A  point  at  the  earth's  surface,  latitude  of  London             ....  950 
Bullet  discharged  from  air-gun  (pressure  equal  to  1500  pounds  uu  the 

square  inch) 897 

Maximum  velocity  of  wave  of  Lisbon  earthquake,  1758  842 

Flight  of  a  swift       .........                  .  262 

Minimum  velocity  of  wave  of  Lisbon  earthquake,  1755  184 

The  most  violent  hurricane  146  to  160 

Flight  of  a  swallow 184 

Flight  or  an  eider  duck    .                  •  182 

"Waves  in  a  heavy  swell  of  the  open  South  Atlantic  Ocean  180 

Flight  of  carrier  pigeon .  120 

A  hurricane .                          ...  117 

Current  in  nerve  in  man IH 

Locomotive  (70  miles  an  hour)                                   ...  102 

Flight  ..f  a  Falcon 88 


A  storm  (al-o  a  tidal  wave  in  the  British  channel)  . 

( inliimrv  rw.v  li'itse 

Flight  o'f  a  crow       ....  . 

A  brisk  wind    ........ 

Steamship  ( IP  miles  per  hour)  . 
Man  on  a  bicycle      ... 

Current  of  most  rapid  rivers 

A  wind  of  mean  intensity 

A  carriage  ii'iing  =ii  niili- an  hour  . 

The  gulf-stream  (maiii 

Man  walking    . 

An  ordinary  wind     . 

Mean  velocity  of  the  c 

Rate  of  arterial  flow  in 

Rate  of  venous  flow  in 
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287.  Trajectory  and  Law  of  Movement. — A  point  in  movement 

scribes  a  line  which  is  either  straight  or  curved.  This  line  is 
called  its  path  or  trajectory.  The  trajectory  ie,  therefore,  the 
ora  positions  01  a  point  in  motion  (293). 

The  relation  existing  between  any  portions  of  the  trajectory 
tad  the  rate  of  movement,  or  time  occupied  by  the  point  in 
making  them,  is  the  law  of  movement 

The  law  of  movement  is  expressed  by  an  equation  or,  accord- 
ing to  the  graphic  method,  by  a  curve  constructed  in  the  fol- 
lowing manner:  Two  straight  lines,  0  X  and  0  Y,  originate  at 
O  and  pass  therefrom  at  right-angle  to  each  other.     Ot  these 


ss         ras        is  s 


lines  let  0  Y  represent  distances  in  tenths  of  inches,  or  any 
other  measure,  as  expressed  by  the  values  5d,  10(1,  on  the  scale, 
and  0  X  times  in  seconds,  as  expressed  by  5a,  10e,  15s.  To 
these  lines  the  names  axis  of  abscissas,  O  -1*,  and  axis  of  ordinates, 
O  F,  are  given.     They  are  also  called  c  ''ordinate  axes. 

Suppose  a  mobile  point  during  a  time  equal  to  or  has  travelled 
a  distance  expressed  by  5d.  The  position  of  the  point  is  found 
by  drawing  a  line  from  5s  parallel  to  O  Y,  and  another  from  5d 
parallel  to  O  X,  the  intersection  of  these  lines  at  1  will  then 
■bow  the  position  of  the  point  at  the  moment  indicated. 

This  position  connected  with  0  from  which  the  two  measures 
originated,  gives  the  line  of  movement,  which  in  the  case  in 
'lui-stion  is  straight,  as  is  shown  by  0  1, 

Tliu  line  0  X  in  the  figure  being  the  axis  of  abscissas,  0  5s  is 
the  abscissa  of  the  point  1.  The  tine  O  Y  being  the  axis  of 
wliuates,  the  dotted  line  5s  1  is  the  ordinate  of  the  point  1. 

Suppose  that  in  the  additional  time  2s,  the  point  has  travelled 
m  additional  unit  of  distance,  its  position  will  then  be  at  2,  and 
HH  direction  of  the  line  of  movement  will  be  changed  as  repre- 

r'nlliuving  the  same  method,  the  positions  represented  by  the 
intersections  or  crosses  at  3,  4,  5,  etc.,  are  established,  each 
'■•^pressing  the  time  at  which  the  point  has  travelled  a  given 
distance.  These  intersections  being  connected,  give  the  curve  of 
movement,  0  D. 
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This  method  is  not  absolute  unless  it  gives  the  character  ot  tl*€ 
movement  in  the  intervals  between  the  recorded  times.  _ 

The  law  of  movement  being  known  or  represented  by    * 
curve,  we  possess  solutions  of  the  following  questions:  - 

1st.  In  a  given  time  from  the  moment  of- departure,  what 
the  distance  from  the  point  of  departure? 

2d.  A  mobile  point  being  a  certain  distance  from  the  point 
departure,  how  long  from  the  time  of  departure  has  it  taken   ^" 
reach  this  position  ?  ^ 

All  kinds  of  phenomena  may  be  represented  by  this  method* 
which  otters  the  great  advantage  of  a  direct  appeal  to  the  ey^r- 
Suppose,  for  example,  we  desire  to  show  the  solubility  of  a  sal  * 
at  various  temperatures.  In  that  case  O  Y  being  the  temperas 
tures,  and  O  X  the  quantities  dissolved,  the  curve  O  D  is  th^ 
curve  of  solubility  ot  the  salt  under  examination.  Again,  le  " 
O  Y  represent  the  number  of  respirations,  and  O  X  the  hour 
at  which  the  count  is  taken,  beginning  at  1.  The  curve 
1,  2,  3,  etc.,  D,  is  then  the  curve  of  respiration  for  the  time. 
The  record  of  the  sphygmograph  is  another  application  of  the 
same  principle,  in  which  the  force  in  action  records  its  own 
curve.  On  the  abscissa  and  ordinate  of  this  curve  the  relative 
force  of  the  heart's  action  at  any  moment  is  seen,  both  for  a 
single  beat  and  for  a  uumber  of  beats  compared  together. 

288.  Kinds  of  Movement — The  simplest  kind  of  movement  is 
that  called  uniform  movementy  in  which  equal  spaces  are  traversed 
in  equal  lapses  of  time.  In  this  case  the  curve  produced  by  the 
graphic  method  is  a  straight  line. 

All  movements  which  are  not  uniform  are  called  variable. 
These  may  be  uniformly  varied  or  not.  Of  these,  again,  the 
simplest  is  the  uniformly  varied  movement,  which  is  either 
accelerated  or  retarded.  Of  accelerated  movement,  gravity  is  an 
example.  Retarded  movement  is  illustrated  by  the  resistance  of 
air.  Of  irregularly  varied  movement,  the  curve  represented  in 
Fig.  102  is  an  example,  the  motion  being  at  one  time  accelerated 
and  at  another  retarded,  as  is  shown  bv  tiexure  of  the  curve. 

289.  Hewton's  Three  Laws  of  Motion. — 1st.  -I  body  free  from  the 

interference  of  external  matter  •#/•  tone  irdl  either  remain  f**rtctr 
at  rest*  or  will  move  uniformly  >n  a  straojht  line. 

2d.  Any  change  in  the  anomnt  or  the  direction  of  a  Ipodys  motion , 
m*isf  he  ttur  to  the  actum  »f  s->me  force  itttpresstd  on  the  l*hiy  in  the 
direction  >f  that  change,  ami  is  </  measure  >>f  that  impressed  force. 

•id.  There  is  m»  acf„,n  .tr  mntiu/t  in  the  universe,  but  at  the  expense 
of  an  <•/'/'//  and  opposite  concomitant  actio*,  or  "action  and  reaction 
are  t>pial  and  opposite," 

Pla« •»*  a  magnet  in  the  pan  of  a  balance  and  counterpoise  it, 
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then  approach  a  mass  of  iron  under  the  pan  and  by  weights 
measure  the  force  required  to  overcome  the  attraction.  Reverse 
the  arrangement,  place  the  mass  of  iron  in  the  balance  pan, 
counterpoise  it  and  approach  the  magnet.  If  care  has  been 
taken  that  the  relative  distances  apart  of  the  magnet  and  iron 
are  the  same  in  both  experiments,  the  force  of  attraction  is  the 
same  in  both  cases.  It  matters  not  what  the  relative  sizes  of 
the  magnet  and  mass  of  iron  may  be,  for  any  given  combi- 
nation the  attraction  of  each  for  the  other  is  the  same,  or,  the 
action  and  reaction  are  equal. 

The  approach  of  two  boats  freely  floating,  when  a  person  in 
one  is  pulling  at  a  rope  attached  to  the  other,  the  recoil  of  a 
rifle  not  firmly  held,  the  action  of  a  propeller,  are  familiar 
examples  of  the  principle  of  equality  of  action  and  reaction. 


CHAPTER   IV. 

MEASUREMENT  AND  REPRESENTATION  OF  ENERGY. 

The  unit  of  time — The  unit  of  space — Units  of  weight  and  mass — Representa- 
tion of  forces  by  lines — The  parallelogram  of  forces — Momentum  and  meas- 
ure of  force — Work  and  unit  of  work — Measurement  of  energy. 

Three  elements  enter  into  the  measurement  of  force  and 
energy.  They  are  time,  space,  and  weight  or  mass.  For  each 
of  these  a  definite  unit  has  been  devised. 

290.  The  Unit  of  Time  is  the  second.  Under  ordinary  circum- 
stances, the  second  employed  is  that  of  mean  solar  time.  The 
time  which  elapses  between  two  transits  of  the  sun's  centre  at  a 
given  meridian  is  called  an  apparent  day.  Since  this  interval 
varies  slightly  from  day  to  day,  its  average  duration  is  taken 
and  is  called  the  mean  solar  day.  It  is  divided  into  24  hours, 
each  of  these  into  60  minutes,  and  these  into  60  seconds  each. 
The  second,  therefore,  is  the  86,400th  portion  of  a  mean  solar 
Jay.  It  is  determined  in  practice  by  the  beat  of  the  seconds 
pendulum  (306). 

291.  The  Unit  of  Space  is  triple,  according  as  the  measurement 
is,  1st.  Of  length  or  distance;  2d.  Of  area  or  surface;  and  3d. 
Of  volume.     The  English  standard  of  length  is  the  Imperial 


3  of  which  is  the  unit  of 
ich  edge  of  which  is  the 


252  KINETIC    ENERGY  —  MOTION. 

yard,  or  the  distance,  at  60°  F.,  between  two  marks  on  a 
metallic  rod,  which  is  preserved  in  the  Tower  of  London. 
Custom  has  substituted  the  foot  or  one-third  of  the  yard  as  the 
practical  unit.  The  French  standard  of  length  is  the  metre ; 
this  is  very  nearly  the  ten-millionth  of  an  arc  of  the  earth's  sur- 
face extending  from  the  pole  to  the  equator.  It  also  is  practi- 
cally fixed  by  marks  on  a  certain  rod. 

The  length  of  the  seconds  pendulum  in  latitude  45°  is  0.9935 
metre,  which  differs  from  a  metre  by  only  6.5  millimetres.  The 
English  and  French  units  bear  the  following  relations  to  each 
other. 

'['I-..-  \  i.r.l  mm  0.9143M8  metre. 

The  metre  =  1,093(133  yard. 

The  unit  of  area  is  a  square  each 
length.  The  unit  of  volume  is  a  cub 
unit  of  length. 

292.  Units  of  Weight  and  Mass.— Bodies  arc  of  equal  weight 
if  they  counterpoise  each  other  when  weighed  in  vacuo. 

The  English  unit  of  weight  is  the  pound  (avoirdupois).  It  ie 
a  certain  platinum  weight  kept  in  the  Exchequer  Office  in 
London.  All  other  weights  are  multiples  or  subruultiples  of 
this.  The  practical  French  standard  is  the  gramme,  which  is 
the  weight  of  one  cubic  centimetre  of  pure  water.  The  kilo- 
gramme, or  one  thousand  grammes,  is  also  used  as  a  unit;  it  is 
equal  to  2.205  pounds  avoirdupois. 

The  weight  of  a  body  varies  according  to  the  action  of  gravity 
upou  it.  The  mass  of  a  body  is,  on  the  contrary,  invariable,  it 
is  the  quantity  of  matter  it  contains. 

Any  given  substance  has  the  same  mass  wherever  it  is  placed. 
On  the  moon  its  mass  would  be  the  same  as  on  the  earth,  but 
since  the  attraction  of  the  moon  is  less  than  that  of  the  earth, 
its  weight  on  the  moon  would  be  proportionally  less. 

If  the  weight  of  a  body  at  any  given  place  is  divided  by  the 
aocelerative  force  of  gravity  at  that  place,  the  quotient  obtained 
will  be  the  same  at  all  places,  since  weight  varies  with  the 
force  of  gravity.  This  constant  quotient  is  a  valuation  of  the 
body  for  all  locations,  and,  therefore,  represents  its  mass.  It  is 
generally  expressed  by  the  formula: 


To  find  the  mass  of  a  body  for  the  earth's  surface,  the  value 
of  g  at  45°  latitude  is  taken.     It  is  equal  to  32.1724. 

293.  Rfcpresentation  of  Forces  by  Lines. — Both  attraction  and 
motion  may  he  represented  by  means  of  lines.  This  method  is 
commonly   known  as  the  graphic  method.     It  ib  invaluable  in 
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enabling  us  to  detect  the  relations  of  various  phenomeffa  to  each 
.  Bod  to  determine  the  laws  under  which  they  are  produced. 
Such   lines  may  be  either  straight  or  curved.     The  iollowing 
is  an  example  of  this  method  taken  from  <  lanot 

Draw  auv  straight  line  A  B  (Fig.  108),  and  lix  on  any  point 
1 '  in  it.     W*e  may  suppose  a  force  to  act  on  the  point  0,  along 


the  line  A  B,  either  towards  A  or  B;  then  0  is  called  the  point 
of  application  of  the  force,  AB  its  line  of  action;  if  it  acts 
towards  A,  its  direction  is  0  A  ;  if  toward  B,  its  direction  is  0  B. 
It  is  rarely  necessary  to  make  the  distinction  between  the  line 
of  action  and  direction  of  a  force,  it  being  very  convenient  to 
hare  the  understanding  that  the  statement,  a  force  acts  on  a  point 
O  along  the  line  O  A.  means  that  it  acts  from  0  to  A.  Let  us 
suppose  the  force  which  acts  on  0  along  0  A  contains  P  units 
of  force:  from  0  towards  A  measure  0  N, containing  P  unite 
of  length;  the  line  ON  is  said  to  represent  the  force.  The  analogy 
between  the  line  and  the  force  is  very  complete;  the  line  O  N 
is  drawn  from  0  in  a  given  direction  0  A,  and  contains  a  given 
□amber  of  units  P,  just  as  the  force  acts  on  O  in  the  direction 
O  A,  and  contains  a  given  number  of  units  P.  It  is  scarcely 
necessary  to  add  that  if  an  equal  force  were  to  act  on  0  in  the 
opposite  direction,  it  would  be  said  to  act  in  the  direction  O  B, 
and  would  be  represented  by  0  M  equal  in  magnitude  to  0  N. 

When  we  are  considering  several  forces  acting  along  the  same 
line  we  may  indicate  their  directions  by  positive  and  negative 
Thus  the  forces  mentioned  above  would  be  denoted  by 
the  symbols  +  P  and  — P  respectively. 

294.  The  Parallelogram  of  Forces  is  the  name  given  to  a  device 
by  which  wc  may  measure  the  result  of  the  influences  of  two 
forces  upon  a  point,  when  they  both  act  at  the  same  moment  of 


lime. 

tad  velocity.     It  is  an   application  of  the  principles 
described  in  the  preceding  article. 

When  two  forces  act  on  a  point  A,  Fig.  104,  draw  from  that 
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point  two  lines  A  B  and  A  D,  representing  the  forces  in  dir^*" 
tion  and  magnitude.  On  these  lines  construct  the  parallelogram^ 
ABCD.  The  resultant  of  the  forces  will  then  be  represent*^* 
in  direction  and  magnitude  by  the  diagonal  line  A  C  drttv*rU 
from  the  point  A.     See  article  (293). 

Examples  of  the  application  of  this  and  the  preceding  P^*"^ 
graphs  are  found  in  the  chronograph,  for  the  measurement  of  sm^ 
intervals  of  time ;  the  myographion,  for  the  study  of  the  char***"% 
ters  of  the  movements  of  muscles.      To  these  the  tambour    *2 
Marey,  for  the  transmission  of  action  from  one  point  to  anoth^^' 
might  be  added. 

295.  Momentum  and  Measure  of  Force. — Momentum  is  the  pr<^" 
duct  of  the  mass  and  the  velocity  of  a  body.     A  body  having  ** 
mass  equal  to  five,  and  moving  with  a  velocity  of  ten  feet  p^*~ 
second,  is  said  to  have  a  momentum  of  fifty. 

If  a  force  is  constant,  it  is  measured  by  the  momentum  it  cai* 
communicate  to  a  body  in  a  unit  of  time.  If  it  is  variable,  it  i*5 
measured  at  any  moment  by  the  momentum  it  would  give  to  ^ 
body  if  it  continued  constant  from  that  instant.  The  English 
unit  of  force  is,  "tliat  force  which  acting  upon  a  pound  of  matter 
toould  produce  in  one  second  n  velocity  of  one  foot  per  second." 

Iu  the  use  of  the  term,  pound-weight,  it  must  be  remembered 
that  since  gravity  (lifters  at  different  parts  of  the  earth's  surface, 
a  pound  weight  at  the  equator  is  not  the  same  as  a  pound  weight 
at  the  pole.  A  weight  of  platinum  which  is  counterpoised  by 
the  elasticity  of  a  spring  stretched  to  a  certain  point  when  it  is 
at  the  equator,  requires  a  different  extent  of  stretching  of  the 
spring  to  balance  it  at  the  pole  (299). 

The  question  of  the  momentum  or  force  of  winds  occasionally 
becomes  a  matter  of  importance  in  connection  with  medico- 
legal inquiries.  In  this  case  the  momentum  is  usually  estimated 
as  pressure  on  the  square  foot. 

Momentum  of  wind*. 

lliancter. 

(ientle  breeze. 
A  brisk  gale. 
Verv  brisk. 
High  wind. 

Very  hiirh  wind*. 

A  *t«»rm 
A  irrvst  >torm. 
Hurricane. 
1Q^  jy  .^  '  A  huTTR'ane  that  tears  up  trees, 

\       and  d**tn»v*  all  Wfnit*  it. 
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296.  Work  and  the  Unit  of  Work. — When  a  force  produces 
acceleration  of  motion,  or  when  it  maintains  motion  unchanged 
in  opposition  to  resistance,  it  is  said  to  do  work.  Of  all 
ills  which  might  be  employed  for  purposes  of  measure- 
ment, none  is  more  invariable  than  gravity ;  even  resistance  of 
air  varies  with  its  temperature,  changes  in  which  cause  varia- 
tions in  its  weight. 

Work  does  not  necessarily  include  time  as  one  of  its  factors. 
The  conveyance  of  100  bricks  to  the  top  of  a  building  requires 
double  the  work  ueeded  to  raise  50  bricks  to  the  same  altitude. 
It  is  also  independent  of  the  origin  of  the  force,  whether  pro- 
duced by  man,  horse,  or  steam.  It  is  the  result  only  which  is 
dealt  with,  viz.,  the  elevation  of  a  certain  weight  to  a  certain 
height. 

I'h:  British  una  of  work  is  called  the  foot-pound.  It  may  be 
defined  as  the  energy  required  to  raise  one  pound  of  any  kind 
of  matter  through  the  vertical  height  of  one  foot  at  the  latitude 
of  London. 

IVte  French  unit  of  work  is  called  the  kilogrammetre.  It  is  the 
required  to  raise  one  kilogramme  (2!»2)  to  the  vertical 
height  of  one  metre  (291).  The  kdogrammetre  is  equivalent  to 
about  7.24  foot-pounds. 

To  determine  the  amount  of  work  resulting  in  any  action  : 
'■/  the  irholc  weight  in  pounds  hy  the  rerti'ml  heigh/  in  feet,  ami 
the  product  is  the  number  of  foot-pounds  of  work  done.  For  the 
French  system :  Multiply  the  whole  weight  in  kilogrammes  hy  the 
rertical  height  in  metres,  and  (he  work  done  is  represented  hy  the  num- 
ber of  kUogrammetres.  # 

287.  MeVurement  of  Energy.— A  railway  train  going  with 
doable  velocity  possesses  double  quantity  of  motion,  momentum, 
or  shock-giving  power ;  but  its  energy  or  power  of  overcoming 
resistance  is  four-told  that  it  had  at  half  the  speed.  It  will  go 
four  times  as  far  before  it  stops  after  the  steam  is  shut  off. 

A  hall  which  has  the  power  of  penetrating  one  plank  when 

moving  with   a  certain  velocity,  will  penetrate  four  planks  of 

aqojtl  tbiokoeea  if  its  velocity  is  doubled.     Hence  we  have  the 

f.  .Mowing  rule  :    Penetrating  power,  or  energy,  increases  an  the.  si/unre 

■  ■■.■  ai  which  the  velocity  inn-eases. 

The  penetrating  power  of  prejjertif.es  from  firearms  is  often  a 
i  of  iiiL'dioM-h'gal  inquiry.  Of  course,  it  varies  for  dif- 
ferent parts  of  the  body  and  for  different  persons  according  to 
the  thickness  of  the  organs  traversed  and  their  composition. 
In  a  general  way,  however,  the  average  resistance  of  the  body  is 
given  u  being  equivalent  to  about  that  of  two  inches  of  the 
soft    wood    called    deal      At   close    range,   therefore,    b    bullet 
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which  has  sufficient  energy  to  penetrate  a  nnmber  of  two  iu^» 
deal  planks,  would  pass  through  the  bodies  of  an  equal  numV>^T 
of  individuals. 

The  relations  of  work  and  energy  may  be  better  understo*^ 
by  comparison  of  their  units.     That  of  work  is  the  work  do«*e 
in  lifting  a  one  pound  weight  one  foot  high.     That  of  energy  is  *^*e 
energy  expanded  in  lifting  a  one  pound  toeight  one  foot  hgh  in  *^**e 
second. 

Again,  to  find  the  work  done,  the  weight  in  pounds  is  raul  ^  ■• 
plied  by  the  height  in  feet.  To  find  the  energy  in  a  movi^^i? 
body,  the  weight  is  multiplied  by  the  square  of  the  velocity  *wc*** 
the  product  divided  by  64$,  or,  for  rough  estimate,  64. 


CHAPTER     V. 

VARIETIES  OF  MOLAR  MOTION. 

Rectilinear  motion — Falliug  bodies — Sand-glass — Path  of  *projwtUe« — Collision — 
Impact  and  transmission  of  impulse — Reflection  of  rectilinear  motion — Oscil- 
lating or  reciprocating  motion — Th*  pendulum — The  metronome — The  balance 
wheel — Rotation — Molar  motions  typical  of  intramolecular  moTemeou — 
Centrifugal  and  centripetal  forces  or  motions — Applications  of  centrifugal 
force. 

Molar  motion  mav  be :  1st.  Straight  or  rectilinear.  2d.  Oscil- 
latory.     3d.  Rotatory.     4th.  Centrifugal  and  centripetal. 

298.  Rectilinear  Motion  is  also  called  direct,  straight,  and 
translator^;  the  latter  term  is  also  used  in  the  case  of  motion 
in  curved  trajectories. 

In  direct  or  rectilinear  motion  the  molecules  of  a  body  are 
not  disturbed  in  their  relation  to  each  other.  The  nearest 
approach  to  absolute  rectilinear  motion,  as  far  as  the  earth  is 
concerned,  is  ottered  bv  falling  bodies  in  which  the  bodv 
is  moving  in  the  direct  line  of  gravitv  or  attraction.  Movement 
of  a  body  in  any  other  direction  is  interfered  with  bv  eravitv, 
which  tends  to  draw  it  out  o(  its  straight  course.     \\  e  shall. 
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therefore,  first  take  up  the  study  of  rectilinear  motion  as  pre- 
tested by  fulling  bodies. 

299.  Falling  Bodies. — The  ancients  maintained  that  the  velocity 
■>f  a  falling  body  is  proportional  to  its  weight,  and  eited  the 
example  of  a  stone  and  a  feather.  When  Galileo  denied  this, 
be  WM  ridiculed  by  the  disciples  of  Aristotle,  anil  though  he 

S  roved  his  opinion  by  dropping  bodies  of  different  weights 
■om  the  leaning  tower  of  Pisa,  and  showing  that  they  all  struck 
the  pavement  at  the  same  time,  they  were  still  incredulous. 

The  only  force  with  which  falling  bodies  have  to  contend,  is 
rasfttsace  of  the  air.  In  the  case  of  very  light  solids  this  is 
so  great  as  to  drive  them  from  their  rectilinear  course,  as 
is  shown  by  the  manner  in  which  a  feather  or  a  piece  of  paper 
falls  through  the  air.  Removing  this  resistance  and  leaving  the 
body  to  the  simple  action  of  gravity,  as  may  be  done  in  the  ex- 
periment of  the  guinea  and  feather  tube  (103),  we  find,  that  in 
a  vacuum  all  bodies  have  the  same  rate  of  movement  at  the 
aHM  moment  of  time.  The  rate  of  movement  or  velocity  of  a 
falling  body  can,  therefore,  only  be  correctly  measured  in 
a  vacuum. 

In  the  case  of  falling  liquids  it  is  partly  resistance  of  the  air 
■bich  catnet  them  finally  to  break  into  drops,  or  even  into 
a  tine  mist,  as  is  seen  in  the  Falls  of  Montmorency  and  at  the 
fMiiiiliurb  in  Switzerland.  In  a  vacuum  liquids  fall  like  solids, 
without  disturbance  of  their  molecules,  as  is  shown  by  move- 
ment nf  the  fluid  in  the  instrument  called  the  water  hammer 

(im 

Tli"  space  traversed  by  a  body  falling  in  vacuo  from  a  state 
of  rest,  is  roughly  given  at  sixteen  feet  at  the  end  of  the  first 
Mood,  but  it  varies  at  different  latitudes  as  is  shown  in  the 
ng  table: 

SLTfeMBN lnt  0*26'N,  it  is  1H.0478  feet. 

Sn  York '■  40°  43'  "     "    18.0707     " 

fsris •'  48°  60'   "      "    1B.0SMW     » 

Hmmnorfert ,:  70°  40'   "      "    10.1182     " 

These  differences  are  owing  to  variations  in  the  attractive 
brce  of  gravity  at  these  latitudes.  A  body  near  the  equator 
tttdi  bo  flj  off  from  the  surface  by  centrifugal  force  (311).  By 
just  so  much  is  the  force  of  gravity  diminished.  At  the  pole  the 
M&trthga]  force  is  nothing.  Again,  the  earth  is  not  a  true 
'pbere,  hut  is  flattened  at  its  poles.  The  polar  regions,  there- 
fore, being  nearer  to  Ihe  centre  of  gravity  of  the  earth  than  the 
■''t'liitiiriiil,  attraction  of  gravity  is  greater  at  the  poles  than  at 
■we&Bator.     It  is  these  causes  taken  together  which  increase 
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the  gravity  and  weight  of  a  body  at  the  pole  compared  v 
it  has  at  the  equator,  and  also  increase  the  distance 
which  it  falls  in  one  second.     At  the  equator  the  attra 
less  by  about  -yfaj  part  of  its  value  at  the  poles. 

The  velocity  of  a  falling  body  at  any  moment  of  t 
been  experimentally  proved  by  various  forms  of  ap 
among  which  Atwood's  machine  and  that  of  Morin  are 
of  special  mention.  In  the  latter  a  falling  body  traces 
curve  of  movement  on  a  revolving  cylinder.  The  invest 
in  question  demonstrate  that  the  velocity  of  a  falling 
proportional  to  the  time  during  which  the  motion  has  las 
increases  in  an  arithmetical  ratio  or  progression.  At  th 
the  first  second  it  is  thirty-two  feet  per  second:  of  the 
sixty-tour;  of  the  third,  ninety-six;  and  so  on. 

In  all  there  are  three  laws  under  which  the  phenomer 
sen  ted  by  tailing  bodies?  may  be  grouped,  as  follows : 

1st.  In  a  vacuum  all  hotties  fall  with  the  same  retoeity  fro, 
of  rest. 

2d,  7  ht  distances  tracerstd  are  proportionate  to  the  squaz 
times. 

3d.    The  rWivifw*  are  proportionate  to  the  fanes. 

800.  The  Sand-ghat. — In  former  times  measurements 

lapse*  of  time  were  made  by  the  movement  of  fallinj 

such  as  water  ami  sand.     Where  the  first  of  these  was 

clock  produced  was  called  a  •Jepsj/dm.     Wl 

Fro.  lOJ.       or  other  finely  divided  solid  was  employe 

call  ill  a  Attxi-ytitss. 

This  instrument  consists  of  two  hoik 
cones  set  apex  to  apex,  and  commanicati 
each  other  by  a  fine  opening  at  their  a| 
The  upper  division  contains  such  quantity 
as  requires  a  given  lapse  of  time  to  fall  thrc 
opening  into  the  lower  division;  aeeordin; 
is  1,  3.  .">.  or  more  minutes,  the  apparatus  ; 
a  1.  S,  or  o  minute  sand-glass. 
-*»i<i—  When  time  is  to  be  measured,  all  the  sat 

into  the  lower  d:v;sio;i ;  at  the  instant  of  bt 
the  measurement  the  g!ass  is  quick'y  inverted,  bringing  i 
division  uppermost.  As  the  'tft'taRwl*  passes  tbro 
owning  the  operator  calls  ■  The  sand-glass  is  i 

ple-yod  to  measure-  time  in  c*s::::g  the  log  by  sailing  ve* 

SOL  1W  Trtjvetory  of  FrqwtilM.— I:"  we  exclude  reaii 
Mm  »*r.  the  following  proser.:*r>r.  of  ;:.U  problem  woo 
hen  a  sphcroida:  =?tvV,::\  ;s  ::mb  in  the  h< 


Fi<3.  106. 
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Let  a,  Fig.  106,  be  a  body  tbrown  with  a  velocity  of  a  b  feet 
per  second.  If  nothing  interfered  with  its  motion,  it  would  in 
2.  3,  4,  5  seconds  reach  the  points  c,  d,  e,f.  But  during  its 
transit  gravity  is  acting  upon  it,  the 
vertical  positions  2,  3,  4,  5,  represent 
the  effect  of  this  force  during  the  time 
the  original  projectile  force  is  in  opera- 
tion, consequently  the  actual  course  or 
trajectory  of  the  projectile  is  the  re- 
sultant of  these  two  forces.  At  the 
end  of  the  first  second  the  projectile  is 
at  b'  instead  of  b;  at  the  next,  at  c', 
and  so  on.  Connecting  these  points 
we  obtain  the  curved  line  a/1,  which 
is  a  parabola. 

If  the  original  line  of  projection  is 
Dot  horizontal,  but  forms  an  angle  with 
the  horizon,  the  theoretical  trajectory 
of  the  object  would  still  be  a  parabola, 
sod  the  greatest  range  would  be  at- 
tained when  the  original  course   was 

it  un  angle  of  45°  with  the  horizon.  In  actual  practice  resist- 
ance of  the  air,  elongated  form  of  projectile,  and  the  rotatory- 
motion  upon  its  long  axis  which  is  imparted  by  the  rifling  of 
the  gun,  produce  a  certaiu  amount  of  variation  from  the  theo- 
retical course! 

102.  Collision. — Problems  in  connection  with  collision  ot  in- 
terest to  physicians  are  of  three  kinds.  1st.  When  a  moving 
body  strikes  another  body  at  rest.  2d.  When  both  bodies  are 
moving  in  the  same  direction,  the  rearmost  one  having  the 
freater  velocity.  3d.  When  the  bodies  are  moving  in  opposite 
directions.  In  considering  these  propositions,  we  may  take 
momentum  as  the  means  of  comparison,  and  attribute  it  in  the 
first  case  to  the  action  of  gravity. 

Momentum  (295)  is  the  product  of  the  mass  or  weight  of  a 
body,  and  its  velocity.  Apply  these  data  to  the  consideration 
pf  phenomena  presented  by  the  fall  of  a  man  from  a  scaffold- 
ing, estimating  bis  weight  at  128  pounds. 


in  bet 


32  feet  per  i 


■t  056 
B.I92 

]  2  :i)!R 
16.384 


The  momentum  acquired  at  the  end  of  each  second  of  fall  is 
sufficient  explanation  of  the  terrible  consequences  of  such  acci- 
dents. 
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In  the  second  case,  where  one  body  overtakes  another,  th« 
momentum  of  impact  will  be  the  difference  of  their  reepecti*'* 
momenta. 

In  the  third  case,  where  they  collide  with  movements  in  opp0" 
site  directions,  the  momentum  of  impact  will  be  the  sum  *>' 
their  respective  momenta.  Hence  the  severe  consequence 
arising  when  two  persons  running  in  opposite  directions  col!i<i*t 
or  when  two  railway  trains  meet  in  opposite  courses. 

303.  Impact  and  Transmission  of  Impulse. — In  the  arrangement 
represented.  Fig.  107,  a  rod  of  steel,  A  A',  is  firmly  faxed  *° 
the  jaws  of  the  vice  V.  Against  the  end  of  the  rod  at  A_»  * 
ball  of  ivory,  B,  rcata,  suspended  by  a  thread  from  C.     On  strife" 


ing  the  extremity  of  the  rod  at  A'  with  the  hammer  J),  the  im- 
pulse ghvn  by  impact  of  the  hammer  is  transmitted  along  the 
rod,  and  the  ball  B  is  thrown  off  from  its  opposite  extremity,  a* 
is  shown  by  the  dotted  line  and  the  position  K. 


For  investigation  of  the  above,  the  apparatus.  Fig.  108,  may 
be  employed.    It  consists  ot  a  series  of  balls.  A,  B,  C,  D,  E,  made 
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of  ivory  or  either  elastic  material.  These  are  suspended  from  a 
rod,  their  centres  being  in  the  same  straight  line,  and  surfaces 
t-ni(.-liiiig  each  other. 

Raising  the  first  bull  into  the  position  A,  and  allowing  it  to 
fall,  when  it  reaches  the  position  indicated  by  the  dotted  line  at 
A  it  strikes  against  B;  thence  the  impulse  is  delivered  to  C 
and  D,  without  any  appreciable  motion  of  either ;  1.)  finally  de- 
livers it  to  E.  which  being  free  to  move,  flies  off  to  the  position 
of  the  dotted  line  at  E,  the  ball  E  exhibiting  almost  as  much 
deviation  from  the  perpendicular  as  was  given  to  A,  which  de- 
livered the  original  impulse. 

Let  us  conceive  that  the  hulls  in  the  above  experiment  repre- 
sent a  line  of  molecules  in  the  steel  rod,  Fig.  107.     We  then 
perceive  that  when  such  a  rod  is 
struck,  the  impulse  produced  by 
tbe   impact   is   transmitted  from 
molecule  to  molecule  along  the 

rod  in   straight  lines,  and  is  de- 
livered at  its  extremity  with  little 

Of  no  movement  of  tbe  interven- 
ing molecules  froiu  their  position, 
A  motion  such  us  that  we  have 

described  is  sometimes  called   a 

"t/    impulse  or  vibration  / 

(865).  Iuthis.whatevermovement 

ur  changes  the  particles  undergo  / 

W  in   tbe    same   course   as  the  / 

track  of  the   wave,   and   not   at  / 

right  angles  or  transverse  to  it  as  / 

in  naves  on  the  surface  of  water.  .' 

Fluids  as  well  as   solids  have         ,' 

ttn|»»verof  transmitting  impulse,      gi  D 

I"  Fig.  109.  A  is  an  India-rubber 

big  unci    tube,  tilled  with  water, 

"nil suspended  from  a  bar.     At  1J 

■  *phc-iv  of  cork  or  other  light 

mtluia]    touches   the  surface   of  *!*•»#»*. 

the  sack  of  fluid.     Tapping  with 

a  small  mallet  C,  or  with  the  finger  on  tbe  opposite  side  of  the 

bag,  the  impulse  is  transmitted  through  the  fluid,  and  the  cork 

thrown  off  to  the  position  D. 
TV  above  is  an   experimental  illustration   of  tbe  principle 

i  J  I1""  "-Inch  physicians  depend  in  the  employment  of  the  fluc- 
tuation test  for  detection  of  accumulations  of  fluid  in  cavities 
of  the  body,  or  in  abscesses  which  have  resulted  from  inflara- 
marorv  action. 


'T 
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304.  Reflection  oi  Rectilinear  Motion:  Its  Law. — The  apparatus. 
Fig.  110,  consists  of  a  spring  enclosed  in  a  box,  A,  so  arranged 
that  when  the  spring  is  released  from  tension  a  ball  is  projected 
from  the  box.     At  B  an  elastic  surface  is  adjusted.    Setting  the 


c  ^p 

L»w  of  reflection  of  motion 

spring  free  it  propels  the  ball  in  the  straight  line  A  B;  striking 
against  B,  the  ball  moves  off  in  the  new  direction  B  C.  If  a 
line  B  P  be  drawn  perpendicular  to  the  point  of  impact  on  the 
surface  B,  the  angle  formed  between  this  line  and  A  B  is  equal 
to  that  between  the  same  line  and  B  C,  or,  in  other  words,  the 
angle  of  reflection  and  incidence  are  equal.  They  lie  in  the 
same  plane,  and  are  on  opposite  sides  of  a  perpendicular  drawn 
to  the  point  of  impact  on  the  reflecting  surface. 

The  above  principle  often  affords  a  clew  to  the  determination 
ot  the  path  a  bullet  has  taken  after  striking  a  bone.  In  spite 
of  the  great  velocity  with  which  a  bullet  strikes  a  person,  it  may 
be  deflected  from  its  course  if  it  chances  to  meet  with  any  re- 
sisting medium  at  a  very  acute  angle.  In  this  way  a  pocket- 
book  or  bundle  of  letters  has  been  known  to  deflect  a  bullet, 
and  thereby  prevent  its  reaching  a  vital  organ.  Even  the  fascia 
of  the  body  produce  the  same  effect.  A  bullet  has  presented  an 
opening  of  entrance  in  front  ot  the  body,  and  of  exit  at  the  back, 
thus  giving  the  impression  that  it  had  parsed  directly  through: 
vet  it  had  merelv  coursed  around  under  the  skin. 

305.  Oscillating  or  Reciprocating  Motion. — If  a  hard  elastic 
body,  as  an  ivory  ball,  falls  upon  a  hard  surface,  as  a  slab  of 
marble  or  porcelain,  it  is  thrown  off  or  rebounds  therefrom. 
Rising  to  a  certain  height  it  comes  under  the  influence  of 
gravity,  and  falling  on  the  slab  again  rebounds;  so  the  move- 
ment continues  until  the  original  impulse  is  lost.  The  move- 
ment we  have  here  produced  is  called  an  oscillatory  or  recipro- 
cating motion.  It  has  arisen  from  a  rectilinear  or  direct  motion. 
Direct  movement  is,  therefore,  convertible  into  reciprocating 
motiou. 

The  examples  of  reciprocating  motion  are  numerous.  Xo 
better  illustration  can  be  ottered  than  the  motion  of  a  piston  in 
its  cylinder.  The  sway  or  swing  of  a  pendulum  is  also  a  to  and 
fro  or  reciprocating  motion. 
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Fig.  111. 


306.  The  Pendulum. — The  ideal,  simple,  or  mathematical  pen- 
dulurn  is  a  single  heavy  point  suspended  by  a  thread  which  is 
tvithout  weight.  These  conditions  it  is  impossible  to  realize  in 
practice,  but  they  may  be  approached  very  closely. 
T*tie  compound  or  physical  pendulum  is  that  in 
actual  use.  In  it  a  weight  or  bob  is  suspended  by 
a  **olid  rod,  Fig.  111. 

If  a  ball  of  lead  or  platinum  be  suspended  by 
a  line  thread,  we  have  an  approach  to  a  simple 
pendulum.     If  the  distance  from  the  point  of  sus- 
pension to  the  centre  of  the  bob  is  three  and  a 
half  feet,  a  pendulum  will  nearly  beat  seconds  in 
its  oscillations.     If  while  it  is  beating,  the  string 
is  suddenly  caught  between  the  thumb  and  finger, 
about  half  way  between  the  point  of  suspension 
and  the  bob,  and  held  steadily,  the  oscillations 
become  more  rapid,  since  the  distance  from  the 
new  point  of  suspension  to  the  bob  has  been  re- 
duced one-half.     As  the  free  portion  of  string  is 
made  shorter,  the  oscillations  are  still  more  rapid. 
Releasing  the  string,  and  restoring  the  original 
length  ot  the  pendulum,  the  original  rate  of  oscil- 
lation is  regained. 

Again  throwing  the  pendulum  into  motion 
with  the  full  length  of  string,  and  watching  the 
time  required  to  make  an  oscillation,  we  find  that 
so  long  as  the  amplitude  of  oscillation,  or  length  of 
arc  through  which  it  beats,  does  not  exceed  five  degrees,  the 
time  of  oscillation  or  beat  is  always  the  same. 

We  have  here  learned  the  two  laws  of  the  beat  of  the  pendu- 
lum, viz.:  1st.  Within  an  arc  of  five  degrees  the  time  of  beat  of  the 
pendulum  is  rigorously  the  same;  2d.  The  shorter  the  pendulum,  the 
more  rapid  its  oscilltition.  It  is  these  facts  which  enable  us  to  em- 
ploy the  pendulum  for  measurement  of  time  by  clocks. 

In  (270)  we  have  seen  that  the  cause  of  the  beat  of  the  pen- 
dulum is  gravity.  In  (299)  we  learned  that  the  attraction  of 
gravity  varies  on  different  parts  of  the  earth's  surface.  It  is, 
therefore,  evident  that  the  length  of  the  mathematical  seconds 
Pendulum  must  differ  at  different  latitudes.  The  extent  of  these 
differences  at  the  level  of  the  sea  is  shown  in  the  following  table. 


Pendulum. 


St.  Thomas 
New  York 
Paris 
Hammerfest 


Int. 


0°  25'  it  is  39.0207  inches. 

40°  43'  "  39.1012  " 
"  48°  50'  "  39.1285  " 
"     70°  40'   "    39.1948       " 


807.  The  Metronome  is  an  instrument  employed  by  musicians 
for  the  purpose  of  beating  time  correctly.     It  is  represented  in 
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Fig.  112,  and  consists  of  a  clock  movement,  which  is  enclosed 
in  the  base.  A,  of  the  apparatus.     The  pendulum  is  short  and 
inverted,  the  weight  or  bob,  B,  being1  on  the 
('10.112.  upper  instead   of  the  lower  part   of  the  rod. 

The  bob  is  free  to  slide  upon  the  rod,  and 
thus  different  lengths  may  be  given  to  the 
pendulum,  and  the  rate  of  oscillation  varied 
to  meet  requirements  of  the  time  to  be  beaten 
or  measured. 

When  in  action  the  metronome  emits  a 
peculiar  click,  which  serves  to  mark  the  time. 
It  is  employed  in  the  measurement  of  time  in 
physiological  inquiries.  In  solution  of  such 
problems  as  the  rate  of  nerve  current,  the 
more  accurate  device  of  the  seconds  pendulum, 
with  or  without  the  interruption  of  an  electric  current,  is  used. 

308.  The  Balance  Wheel. — If  we  conceive  that  the  line  of  Bus- 
pension  of  a  pendulum  is  so  shortened  that  the  point  of  suspen- 
sion and  centre  of  oscillation  pass  within  the  pendulum  bob, 
and  finally  reach  its  centre,  the  character  of  the  oscillation  be- 
comes that  which  we  see  in  a  watch  or  chronometer  balance 
wheel. 

In  a  true  balance  wheel,  where  the  point  of  suspension  is 
accurately  at  the  centre  of  the  bscillating  mass,  gravity  has  no 
influence  of  importance.  The  forces  which  produce  the  move- 
ments are  a  main  spring  which  drives  the  system  of  wheels  of  t be 
apparatus;  and  a  very  line  spring  called  the  hnir  spring,  which 
is  attached  to  the  bulnnce  wheel,  and  acts  upon  it  in  an  opposite 
manner  to  that  of  the  main  spring. 

Both  the  pendulum  and  balance  wheel  are  subject  to  vari- 
ations in  rate  of  oscillation,  produced  by  variations  in  tempera- 
ture. For  the  discussion  of  these,  and  means  of  correcting 
them,  see  (663). 

If  the  point  of  suspension  in  a  balance  wheel  is  exactly  at  its 
centre,  there  is  tin  motion  of  the  mass  out  of  the  area  it  occupies 
when  at  rest.  If,  on  the  contrary,  the  point  of  suspension  or 
centre  of  oscillation  is  on  one  side  of  the  centre,  the  area  oc- 
cupied by  the  wheel  in  its  oscillations  is  greater  than  its  own 
area  when  at  rest. 

Applying  these  ideas  to  oscillations  which  the  molecules  in 
a  mass  of  matter  are  executing,  we  can  conceive  that  when  a 
molecule  is  oscillating  in  a  manner  similar  to  that  of  a  balance 
wheel,  with  the  centre  of  mass  and  centre  of  movement  coinci- 
dent, one  kind  or  form  of  force  is  the  result.  If,  on  the  con- 
trary, the  centre  of  oscillation  passes  away  from  the  centre  of 
the  molecule,  conditions   similar  to  those  in  a   balance  wheel 
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Fig.  113. 


mounted  eccentrically  exist,  and  the  character  of  the  force  is 
different,  just  as  the  movement  is  different.  In  the  first  case, 
for  example,  the  product  might  he  electricity;  in  the  second, 
heat. 

300.  Rotation. — If  the  bob  of  a  physical  pendulum  be  a  cir- 
cular wheel,  mounted  on  its  centre  or  axis  of  rotation,  C,  on 
throwing  it  into  action  it  moves  like  an  ordinary 
pendulum.     If  while  iu  full  swing,  and  when  the 
movement  is  most  rapid — that  is,  w^hen  the  centre  of 
the  bob  is  vertically  under  the  point  of  support — 
the  bob  be  suddenly  checked  at  the  projection  P, 
by  an  object  moving  in  the  opposite  direction,  a 
portion  of  the  oscillatory  motion  of  the  wheel  will 
be  converted  into  movement  of  rotation  upon  its 
centre  or  axis,  C.    The  same  result  arises  if  quickly 
moving  the  finger  in  a  straight  line  we  strike  the 
circumference  of  the  wheel.     Oscillatory  and  also 
direct  movement  may,  therefore,  be  converted  into 
a  movement  of  rotation. 

Rotation  may  be  of  three  kinds:  1st.  Centric, 
where  the  axis  of  rotatiou  is  in  the  geometric  centre 
of  the  mass,  as  in  the  wheels  of  a  watch  or  any 
similar  machine.  2d.  Eccentric,  where  the  axis  of 
revolution  is  still  within  the  mass,  but  not  at  the 
centre.  3d.  Orbital,  where  the  axis  of  rotation  is 
exterior  to  the  mass,  as  in  the  movements  of  planets 
around  the  sun. 

Orbital  movements  differ  greatly.  Sometimes 
they  are  circular,  sometimes  elliptical.  They  may 
ako  be  parabolas  or  hyperbolas. 


Rotation. 


310.  Molar  Typical  of  Intramolecular  Movements. — The  move- 
ments of  a  planet  with  its  moons  around  a  central  sun,  the  move- 
ments of  double  stars  or  suns  around  each  other,  and  the  com- 
plexity that  involves  the  movements  of  their  attendant  planets, 
<*o  not  interest  the  astronomer  alone  ;  they  also  demand  atten- 
tion from  the  physicist,  and  suggest  to  him  the  idea  that  in 
th«  structure  of  molecules  of  different  kinds  of  matter  the  atoms 
imposing  these  molecules  may  also  execute  many  different 
motions. 

Such  an  hypothesis  would  explain  how  from  a  single  kind  of 
elementary  atom  all  our  so-called  elements  might  originate,  the 
differences  between  them  being  merely  resultants  of  various 
movements  which  the  constituent  atoms  of  their  molecules  were 
executing. 

In  modem  theories  of  matter  the  molecules  of  elements  are 
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supposed  to  consist  of  two,  three,  or  more  atoms.     It  the  hy~ 
pothesis  that  hydrogen  is  the  original  element  be  true,  a  mole  -~ 
cule  of  lithium  would  contain  a  number  of  atoms  seven  tirae^^ 
as  great  as  that  in  a  molecule  of  hydrogen,  a  molecule  of  carboi 
twelve  times  as  manv,  and  so  on.     In  this  case  the  diversity  ol 
movements  that  might  arise  among  the  constituent  atoms  of  a 
molecule  of  lithium  or  of  carbon  may  be  readily  conceived  to 
determine  the  differences  between  the  molecules  of  those  sub- 
stances. 

Passing  from  elementary  to  compound  molecules  which  in 
the  case  of  organic  bodies  mav  contain  as  manv  as  fiftv  atoms, 
we  tind  that  bodies  which  have  the  same  number  of  atoms  may 
proseut  very  different  properties,  dependent  on  the  relation  ot 
the  motions  of  the  constituent  atoms  to  each  other. 

The  conversion  of  one  kind  of  motion  into  another,  which 
we  have  seen  in  the  study  of  molar  motions,  would  indicate  the 
convertibility  of  one  kind  of  atomic  motion  into  another.  The 
consequent  possibility  of  the  conversion  of  one  kind  of  molecule 
into  another,  is.  therefore,  evident.     :>ee  (28  and  29). 

Xot  only  motion,  but  the  manner  of  grouping  has  its  effect, 
as  may  bo  seen  in  the  well-known  kaleidoscopic  appearances 
produced  when  several  kinds  of  glass  are  grouped  differently  by 
morel v  revolving  the  instrument  1 11th,  4*0'.  If  we  conceive  that 
the  image  of  each  piece  of  colored  glass  represents  an  atom  en- 
dowed with  a  certain  kind  of  motion,  we  quickly  perceive  how, 
as  the  grouping  of  these  are  changed,  an  almost  innumerable 
variety  of  figures  arise.  In  the  ease  of  molecules  we  can  im- 
agine a  similar  change  produced  as  their  atoms  varv  in  their 
relations  to  each  other.  Thus  all  the  shades  of  colors  in  flowers, 
and  the  infinite  diversity  ot  materials  produced  in  the  inor- 
ganic and  organic  worlds,  mav  possibiv  arise. 

Oarrving  out  these  s^ggotiov.s,  and  thosv  on  conversion  of 
motion  in  t^Oo  .  to  their  Ultimate  conclusions,  we  find  that  the 
phxsics  of  the  imponderables  consists  in  the  studv  of  motions 
of  luo'.evules,  while  chemistry  deals  with  the  examination  of 
movements  i»f  the  atoms  constituting  molecule*,  and  the  manner 
in  which  thev  are  grouped. 

&1L  Centrifugal  and  Centripetal  Forces  or  Motions. — The  term 
centrifugal  signifies  t!\:::g  from  a  centre  of  motion.  Xo  better 
example  of  this  fore*  or  ::;.*::  r.  c,v.i  K-  given  than  that  of  the 
ancient  device  of  the  s'.i-.g.  whereby  a  stone  or  other  object  is 
tuhmittcd  to  rapid  orbita*  :r.owment,ar.d  then  suddenlv  released. 
At  the  moment  of  n\a>e  the  s:  vo  dies  off  in  a  straight  line, 
driwn,  as  we  say,  by  evn:r::.:gs%  :^r. 

The  term  cvv.triivta".  <ic':.r.'.  s  v;.  vi::g  upon  or  towards  the 
•HMf*  of  motion.     We  haw  i^a.iv  r\:Vrred  to  the  influence  of 
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centrifugal  force  in  lessening  the  weight  of  objects  at  the  equa- 
torial region  of  the  earth's  surface  (299).  In  that  case  gravity 
acts  as  a  centripetal  force;  by  it  objects  are  attracted  towards 
the  earth's  centre,  and  were  they  free  to  do  so  would  move  to- 
wards it;  as  it  is,  gravity  is  the  centripetal  force  which  binds 
objects  upon  the  earth's  surface  and  prevents  the  centrifugal 
force  generated  by  rotation  from  launching  them  into  space. 

For  illustration  of  centrifugal  force  and  its  action  the  ap- 
paratus known  as  the  whirling  table  is  employed.  It  consists 
of  a  platform  A,  Fig.  114,  to  which  rapid  rotation  may  be  given 
by  suitable  multiplying  machinery  B.  Any  loose  body  laid  on 
the  surface  of  the  platform  is  quickly  thrown  off  when  it  is  put 
in  motion.     So  great  is  this  force,  that  not  unfrequently  grind- 

Fio.  114.  Fio.  115. 


Whirling  table.  Gyroscope. 

stones  and  fly-wheels  are  torn  to  pieces  when  their  revolution 
is  very  rapid.  It  is  estimated  that  if  the  rate  of  rotation  of  the 
earth  were  seventeen  times  what  it  now  is,  gravity  would  be 
overcome,  and  objects  would  be  tossed  from  its  surface,  prob- 
ably to  form  a  distant  ring  like  that  which  accompanies  Saturn. 
The  instrument  known  as  the  gyroscope,  Fig.  115,  offers  an 
excellent  illustration  of  the  power  of  rotation  to  overcome 
gravity.  It  consists  of  a  ring  set  in  rapid  revolution,  while  in 
this  state  it  may  be  made  to  assume  positions  contrary  to  those 
which  gravity  produces. 

312.  Application  of  Centrifugal  Force. — Among  the  practical 
applications  of  centrifugal  force  we  may  mention  the  removal 
of  liquids  from  solids  with  which  they  may  be  intermingled,  as 
in  the  centrifugal  clothes-wringer,  in  which  clothing  is  placed  in 
*  drum-like  cage  made  of  wire  which  is  subjected  to  rapid  rota- 
tion. Under  these  conditions  the  water  is  thrown  off  from  the 
periphery  of  the  drum,  and  the  clothes  come  out  almost  dry. 

The  centrifugal  milk  tester  is  another  recent  application  of 
this  force,  the  milk  is  placed  in  a  stoppered  tube  upon  the 
whirling  table,  the  axis  of  the  tube  being  in  the  line  of  a  radius 
°f  the  platform  of  the  table.    Throwing  the  apparatus  into  rapid 
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rotation,  the  milk  separates  into  the  cream,  curd,  and  wgoMNH 
solution  of  which  it  is  composed. 

Dr.  Arnott  says,  "Were  a  mnu  to  lie  down  on  a  quickly 
turning  horizontal  wheel,  with  his  head  near  the  edge,  lie  would 
soon  fall  asleep,  or  might  die  of  apoplexy  from  over-pressure  of 
blood  on  the  brain."  The  suggestion  is  certainly  worthy  of 
examination.  Applied  in  the  manner  he  relates,  it  might  prove 
of  use  in  insomnia.  Still  more  important  results  might  be 
obtained  by  reversing  the  arrangement  and  placing  a  person 
suffering  from  congestion  of  the  brain  upon  a  whirling  table 
with  his  feet  towards  the  circumference,  and  his  head  over  the 
centre  of  rotation.  In  that  position  the  blood  would  be  driven 
from  the  head  to  the  opposite  extremities,  and  relief  attained. 
In  other  congestions  and  inflammations  the  same  might  be  done, 
taking  care  to  place  the  inflamed  part  over  the  centre  of  rotation. 

The  action  of  centrifugal  force  upon  plants  in  their  growth 
was  made  a  subject  of  experiment  by  a  French  botanist  some 
years  ago.  A  series  of  vessels  in  which  seeds  had  been  planted 
were  attached  to  the  circumference  of  a  large  wheel  to  which 
rapid  rotation  could  be  imparted.  The  results  of  experiment 
showed  that  no  matter  how  rapid  the  rotation,  the  centrifugal 
force  thereby  developed  did  not  appear  to  have  any  influence 

^upon  the  manner  of  growth  of  the  plant.  The  stem  and  roots 
were  always  in  the  same  straight  line.  There  was  no  tendency 
to  grow  parallel  to  each  other  and  outwards  from  the  centre  of 
rotation,  as  he  expected  would  be  the  case. 
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CHAPTER   VI. 

tiorts  of  machines  to  force — The  three  orders  of  levers — Estimation  of  power 
in  the  action  of  lever? — The  wheel  and  axle — The  inclined  plane — The  wedge 
— Scalpels  and  their  management — The  screw — The  pulley — Friction. 

313.  Relations  of  Machines  to  Force. — The  forces  provided  by 
nature  for  the  accomplishment  of  innumerable  kinds  of  work 
are  few  in  number,  wind,  a  fall  of  water,  animal  power.  These 
limit  nature's  provisions  of  energy,  which  by  agency  of  machines 
man  has  so  adapted  and  controlled  as  to  serve  any  purpose  he 
may  desire,  from  the  act  of  lifting  a  rock  or  ship  to  the  more 
«ielicate  operations  of  setting  type  and  printing  a  book. 

Wonderful  and  various  as  are  the  acts  that  machines  can 
.achieve,  it  must  be  clearly  understood  that  in  no  case  do  they 
«>r*iginate  or  increase  the  energy  employed.  They  only  modify 
it.  As  we  watch  a  machine  punching  holes  in  plates  of  iron  an 
inch  in  thickness,  it  looks  as  if  it  developed  power,  but  it 
«r!oes  not.  It  merely  takes  a  rapid  movement,  representing  a 
<^^rtain  amount  of  energy,  and  converts  it  into  a  slower  move- 
*xient  in  which  the  same  amount  of  energy  is  expended  through 
**s.rrow  limits,  but  within  the  bounds  of  those  limits  it  is  almost 
i  irresistible. 

The  most  intricate  engines  depend  for  their  action  upon  a  few 

***achines  of  very  simple  form,  to  which  the  name  of  the  me- 

^fhamkal  powers  was  formerly  given.    They  are  the  lever >,  wheel  and 

<*3clt,  inclined  plane,  wedge,  screw,   and   pulley.      These    simple 

r**achines  are  all  of  more  or  less  interest  to  the  physician,  either 

*^  occurring  in  different  parts  of  the  human  mechanism,  or  in 

construction  of  the  instruments  he  employs. 

311  The  Three  Orders  of  Levers. — The  lever  is  so  called  from 
tlie  Latin  lew,  to  lift.     It  consists  of  an  inflexible  bar;  when  in 
u«e three  additional  elements  are  involved,  viz.:  A,  the  power; 
^»  the  weight;  C,  the  fulcrum.     According  as  these  three  ele- 
ments vary  in  relative  position  to  each  other,  a  lever  is  said  to 
te  of  the  first,  second,  or  third  order. 
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Id  levers  of  the  first  order,  the  fulcrum  is  between  the  weigh* 
and  power,  or  the  middle  one  of  the  three;  in  the  second  form- 


the  weight  is  in  the  middle;  in  the  third,  the  power  is  in  thfc^ 
middle. 

All  the  joints  of  the  body  which  are  endowed  with  motion 
belong  to  one  or  another  of  the  three  orders  of  levers.  Of  the 
first  order,  the  movement  of  the  skull  on  the  atlas  is  an  example, 
the  face  being  the  weight,  and  the  muscle  in  the  back  of  the 
neck  the  power.  Of  the  second  order,  the  ankle-joint  is  an  illus- 
tration; when  we  raise  the  body  upon  the  toes,  the  weight  is  then 
in  the  middle,  the  ball  of  the  great  toe  being  the  fulcrum,  and 
the  muscles  on  the  back  of  the  leg  the  power.  Of  the  third 
order,  Hexing  of  the  forearm  on  the  arm  is  an  example;  the  power 
being  in  the  middle  represented  by  the  attachment  of  the  biceps 
muscle,  the  hand  the  weight,  and  the  elbow-joint  the  fulcrum. 


Among  instruments  in  ordinary  use.  che  first  order  of  levers 
is  represented  by  the  elevator  used  to  raise  portions  of  bone  in 
fracture  of  the  skull,  by  scissors,  and  by  bone  or  obstetrical 
forceps,  which  consist  of  two  levers  working  against  each  other, 
the  joint  being  the  fulcrum.  The  second  order  is  represented 
by  the  action  of  an  oar  in  rowing,  by  nutcrackers,  and  wheel- 
barrows. The  third  order,  by  fire-tongs,  and  ordinary  pincers 
of  a  surgical  pocket  case. 

A  curious  double  lever,  known  as  the  Stanhope  lever  or  toggle 
joint,  is  represented  in  the  human  body  by  the  knee-joint:  U  is 
a  very  powerful  form  ^f  machine,  and  admirably  adapted  to  the 
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pu  rjx>8e  it  serves  in  the  body,  viz.,  that  of  raising  it  from  a  squat- 
ting position. 

315,  Estimation  of  Power  in  the  Action  of  Levers. — In  the  ex- 
periment represented  in  Fig.  120,  the  conditions  of  equilibrium 
between  the  two  sides  of  a  lever  of  the  first  order  are  shown.  A 
weight  of  one  pound  at  one  extremity  of  the  lever,  A,  will  ex- 
actly balance  a  weight  of  one  pound,  B,  at  the  same  distance  on 
tlie  opposite  side  of  the  fulcrum,  D.     The  same  weight,  A,  will 

Fio.  120. 


Law  «»f  h»vcn«. 


balance  two  pounds  if  suspended  from  C,  which  is  half  the  dis- 
tance between  J)  and  B;  or  it  will  balance  four  pounds  if  sus- 
pended from  E,  which  is  one-quarter  the  distance  between  D 
and  B.  Generalizing  from  these  facts,  and  applying  the  rule  to 
all  forms  of  lever,  we  say,  that  in  levers  the  power  is  to  the  weight 
in  the  inverse  ratio  of  their  respective  arms. 

If  downward  force  be  applied  at  A,  the  weight  at  B,  which  is 
at  the  same  distance  from  the  fulcrum,  will  be  raised  with  the 
same  velocity  through  the  same  distance  as  that  by  which  A  is 
depressed.    The  weight  at  C,  on  the  contrary,  will  under  similar 
circumstances  be  raised  only  one-half  the  distance,  and  at  one- 
half  the  velocity  with  which  A  descends.     At  E  the  distance 
will  be  only  one-quarter,  and  the  velocity  one-quarter.     From 
which  we  deduce  that  in  the  action  of  levers,  what  has  been 
gained  in  weight  raised  is  lost  in  distance  and  velocity. 

316.  The  Wheel  and  Axle  acts  upon  the  same  principle  as 
the  lever.  It  has  been  called  the  perpetual  lever.  In  Fig.  121, 
C  is  the  axle,  and  D  the  wheel,  both  attached  to  the  axis  F. 
The  wheel  has  a  radius  four  times  that  of  the  axle  C.  These 
two  measurements  representing  the  relative  lengths  of  the  two 
arms  of  a  lever,  a  power  of  one  pound,  B,  applied  to  the  cord 
on  D,  will  raise  a  weight  of  four  pounds,  A,  attached  to  the 
cord  wound  on  the  axle  C.  Viewing  the  respective  radii  of  the 
wheel  and  axle,  as  the  two  arms  of  a  lever,  the  rule  for  the  esti- 
mation of  the  action  of  this  machine  is  the  same  as  for  levers. 
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The  wheel  and  axle  is  extensively  used  for  hoisting  heavy 
weights.  In  this  form  an  endless  rope  passes  around  the  wheel. 
The  capstan  used  in  weighing  the  anchor  on  ships  is  the  same 
form  of  machine,  in  which  the  circumference  of  the  wheel  is 
dismissed,  and  only  the  spokes  or  radii  employed.  The  winch 
used  in  raising  water  (135),  and  in  many  surgical  appliances, 
is  a  wheel  and  axle  in  which  only  one  spoke  of  the  wheel  is 
retained,  as  at  E,  Fig.  121. 

Fig.  121. 


Whwl  and  axl<- 


The  so-called  fusee  in  a  watch  is  an  elegant  example  of  the 
application  of  the  wheel  and  axle  to  the  production  of  a  uniform 
force  from  the  variable  force  exerted  by  a  spring  when  unwind- 
ing. The  systems  of  cogwheels  used  in  cranes  for  unloading 
ships,  and  of  bands  and  wheels  in  lathes,  are  instances  of  the 
principle  of  the  wheel  and  axle,  and  their  action  is  to  be  deter- 
mined by  the  same  rule  as  that  given  for  the  wheel  and  axle. 

317.  The  Inclined  Plane  is  the  third  method  of  balancing  forces 
of  different  intensities.     The  principle  of  its  action  is  as  follows. 

Fiu.  12L\ 


Trillin*"!  pUiit- 


Suppose  a  weight,  A,  rests  on  an  inclined  plane,  the  vertical 
height  of  which,  D  E,  is  just  one-halt  its  length,  C  D.  It  will  be 
exactly  balanced  and  retained  in  position  by  one-half  its  weight 
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applied  vertically  at  B.     The  action  of  an  inclined  plane  is, 
t  li  orefore,  merely  a  modification  of  the  lever. 

Iu  ancient  times  the  inclined  plane  was  largely  used  in  ele- 
va^ting  great  weights.  It  is  supposed  that  by  this  device  the 
££^yptians  raised  to  their  present  height  the  immense  blocks  of 
&  t:  one  used  in  constructing  the  Pyramids. 

It  is  curious  to  note  how  often  the  work  required  in  the  ascent 

of"  an  inclined  plane  has  been  disregarded  in  the  construction  of 

eo>untry  roads.     The  idea  has  been  to  build  the  road  in  a  straight 

1  i  ne  from  one  point  to  another  regardless  of  the  hills  that  in- 

tervene.     Roads  have  been  thus  carried  over  hills  when  they 

n light  as  readily  have  been   carried  around   their  bases  with 

1  i  t-tle  increase  in  distance,  and  complete  avoidance  of  the  labor 

ro<juired  to  surmount  the  elevations. 

In  the  human  body  the  principle  of  inclined  planes  is  involved 

in  the  construction  of  the  pelvis,  for  the  purpose  of  producing 

changes  in  position  of  the  head  of  the  foetus  during  delivery. 

Tlie  study  of  the  action  of  these  planes  in  the  mechanism  of 

\abor,  demands  close  attention  on  the  part  of  obstetricians. 

318.  The  Wedge  may  be  described  as  an  inclined  plane  forced 
in  between  substances  or  resistances,  for  separating  or  overcom- 
ing them.  Estimation  of  their  action  is  difficult,  since  the  force 
employed  is  not  one  of  pressure  but  of  percussion.  This  power 
of  transforming  force  is  marvellous ;  even  a  ship  may  be  raised 
by  proper  application  of  wedges. 

Numerous  examples  of  the  wedge  are  seen  in  domestic  as 
well  as  surgical  appliances.  All  cutting  implements  are  wedges, 
the  angle  of  the  edge  varying  according  to  their  application. 
For  working  iron  in  a  lathe  a  very  obtuse  angle  is  required  in 
the  cutting  edge.  In  the  blade  of  a  pocket-knife,  scalpel,  or  bis- 
toury, on  the  contrary,  the  angle  of  the  cutting  edge  is  very  acute. 

319.  8calpels  and  their  Management. — If  the  edge  of  the  keenest 
Taipei  or  razor  be  examined  under  a  microscope,  it  will  be 
^en  to  be  jagged  or  saw-like.  Such  blades  may  be  pressed  with 
considerable  firmness  against  the  skin  without  producing  a 
wound,  but  the  moment  thev  are  drawn  like  a  saw  over  the 
8urface,  though  the  pressure  be  very  slight,  they  immediately 
enter  the  flesh. 

All  surgical  knives  being  made  of  steel,  the  greatest  care 
should  be  taken  to  shield  them  from  rust.  So  long  as  a  steel 
furface  is  protected  from  moisture,  oxygen  has  no  action  upon 
^  but  if  it  be  coated  with  ever  so  thin  a  film,  it  is  quickly  oxi- 
dized or  rusted.  To  avoid  this,  steel  implements  should  first 
ta  carefully  cleansed,  then  thoroughly  dried,  and  rubbed  with 
leather  before  being  placed  in  the  case  where  they  belong. 

JS 
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Since  a  knife,  scalpel,  or  other  instrument  has  received  i 
its  construction  the  proper  angle  for  the  work  it  is  intended  t 
do,  care  should  be  taken  in  sharpening  to  preserve  that  angle. 
If  it  is  necessary  to  grind  it  down  to  restore  the  edge,  it  should 
be  done  on  a  true  grindstone,  the  blade  being  applied  aud  kept 
at  the  proper  angle,  and  the  action  of  the  stone  being  from  the 
back  towards  the  edge.  A  thin  or  wire  edge  is  thus  obtaiued 
which  is  flexible,  aucf  may  be  turned  by  pressure  towards  one  or 
the  other  side  of  the  blade. 

The  next  step  is  to  remove  the  wire  edge  upon  a  hone  or  oil- 
stone: the  surface  of  this  should  be  as  Hat  as  possible.  If  it 
has  been  in  use  for  some  time  and  become  hollow  or  concave, 
flatness  should  be  restored  by  grinding  it  against  the  surface 
of  a  grindstone.  The  blade  should  be  kept  prone  upon  the  hone 
throughout  its  application  thereto.  The  movement  should  be 
from  heel  to  point  of  blade  with  edge  forward. 

To  give  all  the  microscopic  teeth  which  form  the  edge  of  a 
cutting  blade  a  set  in  the  same  direction,  the  sharpening  should 
be  finished  upon  a  strap  of  leather,  which  must  also  be  flat : 
sometimes  tightly  stretched  coarse  canvas  imbued  with  soap  is 
used.  In  this  operation  the  movement  is  reversed,  the  blade 
being  carried  from  heel  to  point  with  the  back  forward.  The 
surfaces  should  be  kept  flat  on  each  other  as  in  the  precediug 
case,  and  applied  alternately  with  very  moderate  pressure. 

320.  The  Screw. — Form  an  inclined  plane  such  as  that  de- 
scribed in  [SIIk  by  cutting  it  out  of  paper,  making  the  inclined 

Fig.  123. 


Srrw. 


edge  C  P  very  long  compared  with  the  vertical  edge  C  E. 
Applying  the  "latter"  to  a  evlinder,  A  B.  so  that  it  is  parallel 
to  the  axis  of  the  same,  aiuf  winding  the  narrow  inclined  plane 
on  the  cylinder,  its  edge  wil!  be  found  to  have  formed  a  screw 
upon  the  surface  of  the  cylinder.  We  may,  therefore,  regard 
a  screw  as  Wing  virtually  an  inclined  plane,  and  estimate  its 
action  in  the  same  manner. 

To  the  portion  of  the  apparatus  described  the  name  of  male 
dement  is  given.  The  socket  in  which  it  works  is  called  the 
female  eleiueut  or  nut. 
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In  the  practical  application  of  the  screw,  the  handle  by  which 
it  is  driven  acts  as  a  lever;  we,  therefore,  have  usually  a  combi- 
nation both  of  the  screw  and  lever  principles.  The  endless 
screw  is  the  name  given  to  a  combination  of  a  screw  and  a  cog- 
wheel, by  which  one  tooth  of  the  cog-wheel  is  advanced  for  each 
Revolution  of  the  screw.  In  lithotrites,  it  is  adapted  to  crush- 
ing the  stone  or  calculus  grasped  between  the  jaws  of  the  instru- 
ment. In  the  splints  employed  in  treatment  of  certain  kinds  oi 
fracture  it  is  also  used  to  produce  the  extension  required. 

In  microscope  work,  very  delicate  screws  are  employed  for 
measuring  minute  distances.   Such  are  called  micrometre  screws. 
The  head  usually  presents  a  graduation,  by  which  small  fractions 
of  a  revolution  may  be  measured.    Suppose  the  threads  are  yf^th 
of  an  inch  apart,  and  the  head  presents  100  divisions,  a  move- 
ment of  one  division  on  the  head  is  equivalent  to  a  movement 
of  i0K0th  of  an  inch  in  the  direction  of  the  axis  of  the  screw. 
The  difficulty  with  such  micrometres  is  irregularity  in  the  thread, 
in  which  it  presents  an  irregular  instead  of  a  regular  inclination. 
To  this  the  term  drunkenness  is  applied.    In  accurate  work  error 
in  this  respect  must  be  carefully  studied  to 
find  the  proper  correction.     In  some  cases            Fl<>  12*- 
drunkenness  is  corrected  in  the  divisions  of 
the  screw  head,  these  being  made  shorter  or 
longer  as  the  case  requires.  ^ . 

321.  The  Pulley  is  another  device  by  which  c 
masses  of  different  weights  may  be  made  to 
balance  each  other  by  giving  them  varying  / 
velocities.  In  this  case  the  pulley  is  movable, 
carrying  the  weight,  with  one  end  of  the  cord 
firmly  faxed.  Where  the  pulley  is  stationary, 
it  merely  serves  to  change  the  direction  of  a 
force,  and  does  not  interfere  with  its  inten- 
sity.   

In  the  figure,  it  is  evident  that  one-half  of  the  ruuej. 

weight  D  is  supported  by  the  portion  of  the 
cord  at  A  C,  and  the  other  half  by  the  part  at  BE.     If  D  weighs 
100  pounds,  it  may  be  raised  by  a  force  of  fifty  pounds  applied 
at  E ;  but  the  force  at  E  will  have  to  draw  in  two  feet  of  rope 
for  every  foot  of  height  that  J)  is  raised. 

Bv  increasing  the  number  of  wheels  or  sheaves  in  the  pulley 
block,  we  add  to  the  number  of  folds  of  rope  by  which  the 
weight  is  sustained,  and  thereby  multiply  intensity  of  the  action. 
If,  for  example,  we  have  four  supporting  cords,  a  force  of  one 
pound  will  balance  or  move  a  weight  of  four  pounds  attached 
to  the  movable  block.    In  these  combinations  the  fixed  block  has 
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no  influence  except  to  change  direction  of  the  motion  as  de- 
scribed above. 

Combinations  of  pulleys  are  used  occasionally  in  the  reduction 
of  dislocations  of  the  hip-joint.  A  knowledge  of  their  action 
is,  therefore,  of  use  to  surgeons.  In  the  body  no  example  of 
combination  of  pulleys  exist.  Examples  of  the  use  of  the  fixed 
pulley  for  changing  the  direction  of  a  force  are  offered  by  the 
patella,  which  signifies  a  pulley ;  and  also  by  the  tendinous 
pulley  or  loop  at  the  inner  side  of  the  orbit,  by  which  the  direc- 
tion of  the  contraction  of  the  superior  oblique  muscle  is  changed 
and  brought  to  bear  upon  the  eyeball. 

322.  Friction. — Wherever  there  is  motion  of  one  substance 
upon  another  there  is  friction.  All  fluids  and  gases  in  their 
movements  develop  friction ;  especially  is  this  true  of  solids. 
As  we  have  seen  (277),  the  force  of  adhesion  which  exists 
between  different  masses  of  matter  affords  a  certain  degree  of 
resistance  to  any  movement  of  such  masses  upou  each  other. 
Here,  therefore,  we  find  one  cause  of  friction.  Another,  per- 
haps more  potent,  is  roughness  of  the  surfaces  which  come  in 
contact  with  each  other.  Even  the  most  highly  polished  sur- 
faces are  not  mathematically  true,  but  present  projections  and 
depressions  of  greater  or  less  magnitude ;  these  fitting  into  each 
other  like  the  projections  of  cog-wheels,  cause  an  equivalent 
development  of  friction. 

Friction  may  be  of  two  kinds :  1st.  Sliding  friction  ;  and  2d. 
rolling  friction.  In  the  latter  case  the  resistance  to  movement  is 
practically  much  less  than  in  the  former.  Wherever,  therefore, 
the  sliding  can  be  converted  into  the  rolling  variety,  it  is  done. 
The  apparatus  known  as  friction  rollers  ofters  the  best  example 
of  the  application  of  this  principle. 

The  friction  developed  in  the  sliding  of  one  surface  on  another 
depends  to  a  certain  extent  on  the  intrinsic  nature  of  the  material 
forming  the  surface.  For  the  examination  of  this  problem  an 
inclined  plane,  the  angle  of  which  may  be  varied,  has  been 
employed,  aud  the  angle  of  inclination  at  which  movement  com- 
menced measured  for  different  materials. 

In  Fig.  125  the  results  of  these  experiments  are  presented. 
The  various  unguents  reduce  friction  to  the  lowest  point;  next 
follows  friction  of  metal  on  metal :  then  of  wooa  on  wood ; 
and  lastly,  of  bricks  and  stones.  Since  the  projections  and  de- 
pressions in  two  pieces  of  the  same  variety  of  material  are  more 
apt  natural! v  to  tit  into  each  other,  it  is  evident  that  substances 
of  different  kinds  are  less  apt  to  develop  friction  than  two  bodies 
of  the  same  nature,  hence  the  use  of  iron  as  the  axle  or  shaft,  and 
of  bronze  in  place  of  iron  as  the  journal  for  the  wheels  or  pro- 
pellers of  steamships.    Another  application  of  the  same  principle 
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ie  offered  by  the  steel  pivots  and  jewelled  bearings  or  journals 
ina  watch. 

Three  general  principles  govern  the  amount  of  friction  de- 
veloped between  two  plane  surfaces,  one  being  fixed  and  the 
other  sliding. 

1st.  Friction  is  exactly  proportional  to  the  pressure  between  surfaces. 

2d.  Extent  of  surface  does  not  influence  amount  of  friction. 

3d.  Friction  is  independent  of  the  relative  velocity  of  the  sliding 
surface. 

Fig.  126. 


Friction. 


In  the  use  of  lubricating  materials  for  reducing  friction,  differ- 
ent lubricators  are  to  be  employed  for  dissimilar  substances: 
oils  for  metals;  soap,  grease,  black-lead,  for  woods.  An  oil 
which  reduces  friction  in  metals,  increases  it  when  used  for 
woods. 

In  the  structure  and  operation  of  the  joints  of  animals,  great 
perfection  is  shown  in  the  means  adopted  for  reduction  or  avoid- 
ance of  friction.  The  bones  are  covered  by  elastic  cartilage, 
which  is  coated  bv  a  membrane  presenting  a  wonderfully 
smooth  surface ;  this,  in  its  turn,  is  lubricated  by  a  fluid  called 
synovia,  more  lubricating  than  any  oil,  and  renewed  as  fast  as 
required.  No  human  invention  approaches  in  its  perfection  that 
attained  in  the  construction  of  joints  in  animals;  even  rolling 
is  generally  substituted  for  the  sliding  form  of  friction,  and 
every  device  which  can  reduce  expenditure  of  muscular  force  to 
the  lowest  point  is  adopted. 
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CHAPTER    VII. 

MOLECULES  OP  TWO  MEDIA,  ONE  SET  MOVING. 

Varieties  of  molecular  motion — Divisions  of  translator?  molecular  motion — Phe- 
nomena of  capillarity — Circumstances  influencing  capillarity — Surface  tension 
of  liquids — Causes  of  capillarity — Laws  of  capillarity — Inclined  surfaces  and 
capillarity — Capillarity  and  floating  b«  dies — Imbibition  and  absorption — Fil- 
tration— Draper's  steam  exhaust  for  filtration— Special  filtration — Absorption 
of  gases  by  solids — Disinfection  by  charcoal  explained — Occlusion — Trans- 
piration of  liquids  and  gases. 

To  the  contents  of  this  Section  the  attention  of  students  is 
especially  directed,  since  the  principles  described  are  involved: 
1st.  In  the  absorption  of  chyme,  chyle,  and  other  fluids;  2d.  In 
the  circulation  of  blood,  lymph,  etc.;  and,  3d.  In  the  function 
of  respiration,  including  introduction  and  conveyance  of  oxygen 
to  the  tissues,  and  removal  of  carbonic  acid. 

323.  Varieties  of  Molecular  Motion. — Molecular  motion  is  of 
two  kinds:  1st.  That  taking  -place  between  molecules  of  two  or 
more  media;  2d?  That  existing  in  molecules  of  each  individual 
medium.  * 

In  the  first  case,  the  movement  may  be  compared  to  that  of 
direct  molar  motion,  the  molecules  undergoing  a  change  of  their 
position  in  relation  to  surrounding  molecules.  This  division 
includes  the  examination  of  capillarity,  diffusion,  osmosis,  etc. 
In  the  second  case,  the  molecules  are  subject  to  oscillatorv, 
vibratory,  or  even  rotatory  motions,  and  do  not  materially 
change  their  location,  or  if  slight  change  does  occur,  return 
instantly  to  their  original  position.  This  division  deals  with 
vibrations  which  produce  sound,  light,  heat,  and  other  so-called 
imponderable  forces. 
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Tn  accordance  with  the  plan  followed  with  molar  motions,  we 
fhall  first  take  up  the  examination  of  direct  or  tranalatory 
molecular  motion,  disregarding  for  the  present  the  fact  that  the 
molecules  of  each  medium  entering  into  the  action  have,  at  the 
same  time,  the  vibratory  or  other  individual  movements  which 
belong  to  the  condition  of  the  medium  they  form. 

384.  Divisions  of  Tranalatory  Molecular  Motion. — This  form  of 
molecular  motion  may  be  studied  under  three  conditions.  First, 
where  it  occurs  between  molecules  of  two  media,  the  molecules 
of  one  moving,  while  those  of  the  other  are  stationary,  as, 
for  example,  capillarity,  imbibition,  occlusion.  Second,  where  it 
occurs  between  molecules  of  two  media,  the  molecules  of  both 
being  in  movement,  as  in  diffusion.  Third,  where  molecules  of 
many  media  are  under  consideration,  all  or  a  portion  being  in 
movement,  as  in  osmosis. 

325.  Phenomena  of  Capillarity. — We  have  studied  the  attrac- 
tion between  molecules  of  different  kinds  as  adhesion  (281, 284). 
When  Buch  attraction  leads  to  movement,  the  phenomena  of 
capillarity  or  movement  in  capillary  (capillus,  a  hair)  tubes  arise. 
Aa  with  adhesion,  capillary  phenomena  are  entirely  indepen- 
dent of  pressure  of  the  air,  ana  appear  equally  well  in  a  vacuum. 

The  phenomena  in  question  may  be  illustrated  by  dipping  a 
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glass  tul>e,  A,  -j^  of  an  inch  bore,  and  open  at  both  ends,  into 
water,  W,  colored  by  any  soluble  pigment;  ink  will  answer. 
The  fluid  will  be  seen  to  rise  in  the  tube  at  once,  as  in  Fig.  126. 
There  is  capillary  elevation.  The  experiment  succeeds  also  with 
certain  other  fluids;  for  example,  alcohol.  To  secure  the  greatest 
amount  of  rise  in  a  given  tube,  the  interior  should  be  chemi- 
cally clean,  and  moistened  with  the  fluid  upon  which  the  ex- 
periment is  to  be  made. 
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Extending  the  experiment  to  other  fluids,  we  find  that  whl 
many  conform  to  the  observation  related,  others  do  not.  C^ 
these,  mercury  is  a  notable  example;  instead  of  being  raised 
by  the  tube,  it  is  depressed,  Fig.  127. 

The  opacity  of  mercury  presenting  a  difficulty  in  the  way  o3 
seeing  the  result,  we  may  remedy  this  by  using  the  apparatus 
represented  in  Fig.  128.     A  tube,  A,  about  an  inch  in  diameter,* 
terminates  below  in  a  narrow  tube  which  is  bent  parallel  to  A. 
Pouring  mercury  into  the  large  tube,  it  flows  freely  into  the 
small  one,  but  the  level  in  tlie  latter  does  not  rise  as  high  as 
in  the  former:  there  is  capillary  depression.     Pouring  water  into 
the  apparatus  li,  the  level  in  the  small  tube  rises  above  that  in 
the  large  one:  there  is  capillary  elevation,  as  when  the  straight 
tube  was  dipped  into  ink.     The  advantage  of  this  form  of  ex- 
periment is  that  it  enables  one  to  project  the  result  by  a  lantern, 
and  exhibit  it  to  a  large  class. 

Another  phenomenon  which  appears  in  connection  with  capil- 
larity is,  that  under  the  conditions  which  produce  an  elevation 
of  liquid  in  the  tube,  the  upper  surface  of  the  liquid  is  concave, 
its  exterior  limits  rising  higher  in  the  tube  than  the  interior 
portions.  On  the  exterior  of  the  tube  also.  Fig.  126,  a  similar 
elevation  of  the  fluid  is  seen.  Where  depression  takes  place, 
the  opposite  result  is  produced,  the  surface  of  fluid  in  tbe 
tube  is  convex  instead  of  concave,  and  in  place  of  its  rising 
on  the  exterior  of  the  tube,  it  is  depressed.  To  the  curved 
surfaces  in  the  tube,  the  names  concave  and  convex  meniscus 
are  given. 

Seeing  that  certain  fluids  are  raised  in  capillary  tubes,  tbe 
question  presents  itself.  What  will  hap[>en  in  case  the  tube  is 
broken  off  short  of  the  point  to  which  it  can  raise  the  liquid? 
Under  such  circumstances  will  it  overflow?  Experiment  deter- 
mines that  it  merely  rises  to  the  plane  of  fracture,and  there  is 
no  tendency  to  the  establishment  of  an  overflow,  nor  of  a  cur- 
rent  in  the  tube  iS4.Y». 

326.  Circumstance!   Influencing  Capillarity. — When  a  tul>e  is 

moistened  with  liquid,  the  amount  of  elevation  depends  entirely 
upon  the  character  of  the  fluid;  the  nature  of  the  tube  does 
not  in  itself  have  any  influence.  The  amount  of  difference  ap- 
pearing for  various  liquids  is  shown  by  the  following  list,  in 
which  the  diameter  of  the  bore  is  one  millimetre  <y-  inch),  and 
temjvraturo  1S%%  O.    Of  all  substances  water  rises  the  highest. 

W*i«rn<MS  .     2*79  millimetre*. 

N.:rv  aoui   .  .     22.57  " 

A.>h.:  12  IS 

Kxwr:-,^  of  I**'* R«2+r  4  2S 
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In  capillary  depression,  since  the  fluid  does  not  wet  the  tube, 
the  amount  of  movement  is  influenced  both  by  the  nature  of  the 
tube  and  of  the  liquid. 

Temperature  affects  both  capillary  depression  and  elevation. 
The  movement  diminishes  with  increase  of  temperature.  Water, 
for  example,  which  was  raised  132  mm.  in  a  tube  at  0°  C,  was 
raised  only  106  mm.  in  the  same  tube  at  a  temperature  of  100°  C. 

The  condition  of  the  interior  of  a  capillary  tube  is  an  essential 
fiactor  in  its  action.  If,  for  example,  it  has  been  smeared  with 
oil,  it  will  permit  it  to  rise,  but  will  depress  water.  If  it  has 
l>cen  moistened  with  water,  that  fluid  will  rise,  and  oil  will  be 
depressed.  According  as  the  character  of  the  interior  super- 
tides  of  a  capillary  tube  varies,  so  does  it  possess  what  might  be 
called  a  selecting  power,  permitting  one  liquid  to  enter  or 
traverse  it,  and  denying  passage  to  another. 

387.  Surface  Tension  of  Liquids. — All  liquids  act  as  though  their 
superficial  layer  was  subjected  to  tension  which  exerts  a  con- 
tractile force  or  pressure  upon  their  interior  mass.     This  is  ex- 
plained  by  the   fact   that  the   superficial    molecules   are  held 
together  by  a  greater  cohesive  force  than  those  in  the  interior. 
Though  this  idea  is  regarded  as  a  convenient  fiction  by  some, 
others  accept  it  as  having  an  actual  existence.     Regarding  it, 
Ganot  says : 

"Consider  any  particle  at  the  surface  of  a  liquid;  it  will  be 
attracted  in  all  directions  except  in  that  above  the  surface.  The 
attractions  acting  laterally  will  compensate  each  other,  and  as 
there  are  no  attractions  above  the  surface  to  counteract  those 
acting  from  the  interior,  the  latter  will  exercise  a  considerable 
pull  towards  the  interior.  The  effect  of  this  is  to  lessen  the 
mobility  of  particles  on  the  surface,  while  those  in  the  interior 
are  quite  mobile ;  the  surface,  as  it  were,  is  stretched  by  an 
elastic  skin.  This  surface  tension,  as  it  may  be  called,  is  greater, 
the  greater  the  cohesion  of  the  liquid;  it  is  well  illustrated  by 
Mowing  a  soap-bubble  on  a  glass  tube ;  so  long  as  the  other  end 
°fthe  tube  is  closed  the  bubble  remains,  the  elastic  force  of  the 
enclosed  air  counterbalancing  the  tension  of  the  surface;  but 
*hen  the  tube  is  opened,  the  fatter  being  unchecked,  the  bubble 
gradually  contracts  and  finally  disappears." 

"Insects  can  often  move  on  water  without  sinking.  This  phe- 
nomenon is  caused  by  the  fact  that,  as  their  feet  are  not  wet  by 
the  water,  a  depression  is  produced,  and  the  elastic  reaction  of 
jhe  surface  layer  supports  them  in  spite  of  their  weight.  Simi- 
'ar'y  a  sewing  needle  gently  placed  on  water  does  not  sink, 
oecause  its  surface,  being  covered  with  an  oily  layer,  does  not 
become  wet;  but  if  washed  in  alcohol  or  potash  it  at  once  sinks 
tothebottom.,, 
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328.  Causes  of  Capillarity. — Since  capillary  phenomena  occ^r 
in  an  air-pamp  vacuum  as  well  as  in  air,  they  cannot  art*6 
from  action  of  the  atmosphere.     They  originate  in  the  rel^r 
tions  of  molecules  of  the  liquid  for  each  other  and  for  tt^e 
molecules  of  the  tube  in  which  they  are  placed.    These  actioif^; 
moreover,  are  confined   to  the  superficial  layer  of  the  liqua  ^* 
and  tube  (326).     The  thickness  of  material  forming  the  tu" 
has  no  influence  whatever  on  its  action.     It  may,  therefore, 
said  that  capillarity  is  the  resultant  of  the  action  of  cohesio 
and  adhesion ;  as  one  or  the  other  is  in  the  ascendant,  so 
phenomena  vary.     When  adhesion  of  the  fluid  molecules  fb 
those  of  the  tube  is  greater  than  their  cohesion  for  each  other 
the  liquid  is  raised  and  its  surface  is  concave;  when,  on  th 
contrary,  cohesion  of  the  fluid  molecules  for  each  other  is  greater* 
than  their  adhesive  attraction  for  the  tube,  the  fluid  is  depressed^ 
and  its  surface  is  convex. 

According  to  modern  theory  as  stated  by  Deschanel,  the  follow- 
ing are  among  the  causes  producing  capillarity : 

1st.  Surface  tension  of  liquids,  as  described  in  the  preceding 
article. 

2d.  For  a  given  liquid  in  contact  with  a  chemically  clean 
solid,,  there  is  a  definite  angle  of  contact  which  is  independent 
of  the  directions  of  the  surfaces  with  regard  to  the  vertical. 

3d.  This  angle  of  contact  determines  the  convexity  or  con- 
cavity of  the  free  surface  of  the  liquid. 

4th.  In  capillary  depressions  and  elevations  the  superficial 
film  at  the  free  surface  is  to  be  regarded  as  pressing  the  liquid 
inwards  or  pulling  it  outwards,  according  as  this  surface  is  con- 
vex or  concave. 

5th.  Hence  arise  variations  in  the  iuterior  pressures  of  the 
liquid, a  convex  surface  increasing,  a  concave  surface  diminishing 
them. 

6th.  The  extent  of  rise  or  fall  of  liquid  in  a  tube,  is  the 
balance  between  the  tensions  of  the  surfaces  of  liquids  within 
and  without  the  tube. 

In  his  "  Chemistry  of  Plants/'  Prof.  J.  W.  Draper  gives 
reasons  for  the  opinion  that  the  phenomena  of  capillarity,  as 
well  as  of  adhesion,  are  manifestations  ot  electrical  attractions 
and  repulsions,  since  where  they  occur  there  is  disturbance  of 
the  electrical  conditions  of  the  media  entering  into  the  action. 

389.  Laws  of  Capillarity. — If  a  number  of  tubes  are  employed, 
diameters  of  the  channels  of  whi  *h  are  different,  it  is  found  that 
as  the  diameter  of  bore  diminishes,  its  power  to  elevate  fluid 
increases.  Submitting  these  differences  to  as  close  a  scrutiny  as 
possible,  Gay-Lussac  evolved  the  following  laws: 
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let.  Capillary  elevations  and  depressions  are  inversely  as  the 
iiameters  of  the  tubes;  all  other  conditions  being  the  same.  A 
tube  half  the  diameter  of  a  given  tube,  will  raise  the  same  liquid 
to  twice  the  height. 

If  two  flat  glass  plates  are  placed  close  together,  and  dipped 
into  water,  or  other  fluid,  the  fluid  rises  between  the  plates,  hut 
not  to  as  great  a  height  as  in  a  tube. 

2d.  Under  similar  conditions,  capillary  elevations  and  de- 
pressions, which  occur  between  parallel  plates,  are  to  each  other 
inversely  as  the  distances  between  the  plates.  Under  these  cir- 
cumstances the  exteut  of  movement  is  one-half  that  in  a  tube  of 
the  same  diameter  as  the  distance  between  the  plates. 

In  the  annular  space  produced  when  a  solid  cylinder  is  placed 
within  a  wide  tube  which  nearly  fills  it,  the  height  to  which 
liquid  rises  is  one-half  that  it  ascends  in  a  capillary  tube  of 
the  same  diameter  as  the  width  of  the  annular  space. 

.  In  a  tube  the  bore  of  which  is  irregular,  the  diameter  ot 
portion  in  which  the  meniscus  forms  determines  the  amount 
elevation  or  depression. 

10.  Inclined  Surfaces  and  Capillarity. — By  means  of  inclined 
>totes  we  may  obtain  a  very  interesting  and  instructive  illustra- 
tion of  many  points  counected  with  the  laws  of  capillarity. 


In  FiU'.  129,  let  A  B  represent  two  glass  plates,  the  surfaces 
"■  tiuoS  arc  perfectly  flat  and  chemically  clean,  and  B  D  a  vessel 
jootajaing  water  the  level  of  which  is  in  the  plane  B  D.  Hold- 
;il~  '1,1'  plates  of  glass  so  that  they  touch  along  their  edges,  A, 
a»il  are  separated  to  the  extent  of  a  tenth  of  an  inch  along  C, 
»nd  dipping  them  into  water,  the  fluid  rises  between  them.  As 
•he  distance  between  the  surfaces  of  the  plates  is  less  and  less, 
'lie  fluid  rises  higher  and  higher,  finally  arranging  itself  to 
produce  a  curve,  C  E.  This  result  is  a  self-made  graphic  repre- 
sentation of  the  law — that  as  ihe  distances  between  two  plates  diminish, 
the  height  to  which  liquid  is  raised  increases. 


. 
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331.  Capillarity  and  Floating  Bodies.— The  mutual  attraction* 
and  repulsions  shown  by  small  bodies  floating  freely  on  wat^*' 
are  governed  by  the  following  laws:  ^     m    - 

1st.  If  both*  floating  particles  are  moistened  by  the  liaui^ 
and  sufficiently  close  to  each  other  to  destroy  the  natural  lev^ 
of  the  water,  attraction  results.  The  experiment  may  be  mad  4 
with  balls  of  cork  upon  water. 

2d.  If  neither  of  the  floating  particles  is  moisteued  by  th^ 
liquid,  the  same  result  happens  when  they  are  sufficiently  nea* 
to  each  other.     For  example,  pellets  of  wax. 

3d.  If  one  particle  dampens  and  the  other  does  not,  thejr 
repel  one  another  when  placed  in  close  proximity.  Example*, 
cork  and  wax  on  water. 

It  is  curious  to  note  that  these  three  laws  are  the  reversed 
counterpart  of  Du  Faye's  laws  of  electrical  attractions  and  re- 
pulsions (770). 

As  in  t  lie  case  of  other  capillary  phenomena,  the  above  move- 
ments are  now  explained  by  the  theory  of  surface  tension. 
Another  example  of  the  same  class  of  actions  is  seen  when  a 
piece  of  camphor  is  placed  upon  hot  water;  it  immediately 
rushes  about,  often  executing*  rotatory  movements,  first  in  one 
direction,  then  in  another.  These  are  produced  by  diminution 
in  the  surface  tension  of  the  water  as  it  dissolves  the  camphor. 
Surface  currents  radiate  in  all  directions  from  the  particle  of 
camphor,  and  as  the  rate  of  solubility  varies  in  different  parts, 
the  pressure  varies,  hence  the  movement  and  changes  therein. 
A  pellet  of  potassium  or  sodium  on  cold  water  exhibits  similar 
movements. 


S32.  Imbibition  and  Absorption  of  Liquids* — In  a  physiological 
sense  imbibition  refers  to  the  taking  up  of  fluid  by  an  inani- 
mate solid,  while  absorption  is  applied  to  the  same  action  in  a 
living  animal,  or  plant  surface,  or  in  a  medium.  In  physics  they 
are  equivalent  terms  for  a  modified  form  of  capillary  attraction, 
in  which  capillarity  is  the  result  sometimes  of  clustered  tubes, 
or,  again,  of  Assures.  Examples  of  this  action  are  offered 
by  a  mass  of  sponge  which  by  its  porosity  takes  up  nearly  its 
own  bulk  of  water.  In  like  manner  a  glass  tube  filled  with 
sand  will  imbibe  a  considerable  'Quantity  of  water,  raising  it 
above  the  original  level.  \V;.oks  employed  in  lamps  act  after 
the  same  fashion :  indeed,  tr.ev  tuav  i-e  regarded  as  bundles  of 


cai'i'.'.arv  tubes. 


Yi.e  uvivr  rooms  of  a  but 'ding  the  foundations  of  which  are 
in  damp  soil  may  in  this  way  b*v»  •■•'.:  e  damp,  moisture  passing 
from  brick  to  brick  throughout  its  wh  ve  extent.  A  few  thread*, 
or  the  e::d  of  a  towel  hav.gv-;:  ov*  r  :':.e  side  of  a  basin  of  water, 
w-.r.  avt  as  a  capillary  siphor..  ar..i  :u  titue  empty  the 
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Id  the  general  use  of  these  terms  imbibition  is  confined  to 
liquids,  absorption  when  speaking  of  liquids  and  gases. 

In  the  practice  of  surgery  the  use  of  lint  is  an  example  of 
the  application  of  imbibition.  In  their  ordinary  condition  the 
absorptive  power  of  lint  is  much  greater  than  that  of  cotton. 
Itecently,  however,  cotton  has  been  prepared  in  such  a  manner 
sts  to  increase  its  absorptive  property,  and  it  is  extensively 
employed  as  a  substitute  tor  lint.  Another  instance  of  the  ap- 
plication of  absorptive  property,  is  the  use  of  powders  of  various 
Kinds  on  the  person  for  taking  up  excretions  of  the  superficial 
lands.  The  more  effective  consist  largely  of  starch,  and  of  the 
pores  of  cryptogams,  among  which  lycopodium  may  be  men- 
tioned. 


333.  Filtration. — Upon  this  process  chemists  depend  mainly 
for  the  means  of  separating  solid  and  liquid  substances.     It  con- 
sists in   the  application  of  the  absorptive  power  of  unsized, 
bibulous,  or  filtering  paper  as  it  is  called. 
The  best  is  nearly  pure  cellulose,  and  is 
sold  as   Swedish  filtering  paper.      The 
paper  is  cut  into  circles  of  different  diame- 
ters according  to  the  quantity  of  material 
to  be  operated  upon.     Having  selected  a 
piece  of  suitable  size,  it  is  folded  twice 
along  the  dotted  lines  shown  at  A;  thus 
the  quadrant  B,  is   obtained,  consisting 
of  four  layers  of  paper.     These  are  sepa- 
rated, to  give  three  on  one  side  and  one 
on  the  other ;  a  conical  cup  is  thus  formed, 
which  is  fitted  to  the  iuterior  of  a  funnel 
as  at  C,  and  the  funnel  placed  in  a  cylin- 
drical vessel.    Fig.  130. 

To  secure  proper  action  of  the  filter,  the  paper  cone  should 
fit  the  interior  of  the  funnel  as  accurately  as  possible;  the  first 
action  involved  is  absorption  of  the  fluid  portion  of  the  con- 
tents of  the  filter  by  the  bibulous  paper;  this  passing  to  the 
exterior  of  the  paper  enters  the  annular  space  between  the 
paper  and  funnel,  where  it  is  again  submitted  to  the  action  of 
capillarity,  and  the  outward  flow  of  liquid  assisted.  The  rapid 
conduction  of  this  portion  of  the  operation  depends  largely  upon 
the  accuracy  of  tit  between  the  filter  and  funnel.  Hence  care 
•hould  be  taken  to  select  funnels  of  the  proper  angle.  This 
w  readily  done  by  trying  with  a  paper  cone  prepared  in  the 
manner  described. 

The  rate  of  filtration  may  be  greatly  favored  by  adapting  the 
funnel,  A,  Fig.  131,  to  a  two-necked  bottle,  B,  and  establishing  a 


Filtration. 
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Fio.  131. 


( 


partial  vacuum  therein  by  connecting  the  tube 
with  a  filter  pump  (177).     To  support  the  poi 
of  the  filter  and  protect  it  from  the  effects 
increased   pressure,  a  small  cone  of  platinui^^ 
foil  is  dropped  into  the  apex  of  the  funnel. 


334.  Draper's  Steam  Exhaust  for  Filtration. 

When  a  column  of  water  sufficient  for  work- 
ing a  Bunsen  pump  is  not  available,  a  device,. 
of  which  I  published  an  account  in  the  London 
u  Philosophical  Magazine,"  for  May,  1870,  may 
be  used.     Its  essential  parts  are  represented  in 
Fig.  132.    A  B  is  a  wide  tube,  drawn  to  a  small  opening  at  A, 
and  closed  by  a  cork  at  B.     Through  the  cork  a  tube,  S,  passes 
which  terminates  in  a  fine  opening  near  the  end  of  the  large 

Fio.   132. 


Rapid  filtration. 


Draper's  steam  exhaust. 

tube  at  A.  When  steam  under  pressure  is  passed  through  8, 
and  the  small  openings  of  the  two  tubes  are  properly  adjusted 
to  each  other,  exhaustion  is  produced  in  the  interior  of  A  B. 
By  means  of  the  tube  E  this  rarefaction  may  be  applied  to  the 
tube  C  of  the  filter  bottle,  Fig.  131.  By  a  pressure  of  one 
atmosphere  in  the  steam  boiler,  an  exhaustion  equal  to  8  inches 
of  mercury  is  easily  attainable  in  the  filter  bottle. 

When  the  tube  E  is  disconnected  from  the  filter  bottle,  and 
air  permitted  to  enter  freely,  the  mixture  of  air  and  steam  which 
issues  from  the  nozzle  of  A  is  a  very  grateful  and  soothing  ap- 
plication to  the  surface  of  the  skin,  and  I  have  suggested  its  use 
in  inflamed  conditions  of  this  organ,  as,  for  example,  erysipelas. 


334  A.  Special  Filtration. — By  filtration,  various  objectionable 
substances  may  be  separated  from  water.  The  action  is,  prop- 
erly speaking,  chemical,  and  consists  in  the  oxidation  of  noxious 
bodies.  They  are  of  sufficient  physical  interest  to  command 
our  attention. 

1st.  Filtration  by  masses  of  compressed  charcoal  is  recom- 
mended as  deodorizing  and  clarify ing.  These  filters,  however, 
very  quickly  become  clogged,  and  in  their  interior  germs  of 
various  kinds  develop.     They  are  not  employed  to  any  extent. 
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2d.  By  finely  divided  charcoal  In  this  process,  a  funnel- 
shaped  porcelain  vessel,  through  which  many  holes  are  punc- 
tured, is  fitted  mouth  down  and  water-tight  to  an  opening  in 
the  bottom  of  a  cylinder,  which  holds  the  water  to  be  purified. 
The  funnel  is  covered  by  asbestos  cloth,  fastened  with  string  of 
the  same  material.  Finely  divided  charcoal  is  then  mingled 
with  enough  water  to  cover  the  funnel,  and  poured  over  it.  As 
the  water  drains  through,  it  leaves  a  covering  of  charcoal  on  the 
asbestos  cloth.  The  space  between  the  funnel  and  cylinder 
may  be  filled  with  coarse  charcoal. 

The  filter  being  thus  prepared,  fluid  is  poured  into  it.  It 
passes  through  peifectly  clear  and  well  adapted  for  use  in 
domestic  economy.  As  it  percolates,  fresh  portions  may  be 
added,  and  the  action  kept  up  for  days  or  weeks,  depending 
upon  the  character  of  water  filtered. 

3d.  Spongy  iron  filters  consist  of  a  tall  cylinder  with  per- 
forated bottom.  In  this  cylinder  a  layer  of  coarse  gravel, 
one  inch  thick,  is  placed,  upon  this  a  layer  of  fine  clear  quartz 
sand,  then  a  layer  of  coarsely  powdered  pyrolusite  about  three 
inches  thick,  and  finally  a  layer  of  four  or  five  inches  of  spongy 
iron.  Water  poured  on  the  top  layer^  is  delivered  below 
purified. 

The  action  of  spongy  iron  in  the  presence  of  water  and  air 
is  to  remove  all  organic  matter,  at  the  same  time  forming  a  proto- 
salt  of  iron.  In  the  layer  of  pyrolusite,  this  is  peroxidized,  and 
deposited  as  red  peroxide  of  iron;  the  lower  layers  of  fine  and 
coaree  sand  arreef  the  peroxide,  and  the  water  flows  out  below 
free  from  admixture  therewith. 

4th.  Paper-pulp  filters.     In   preparing    these  fio.  133. 

paper  is  beaten  to  a  pulp  with  water,  and 
poured  into  a  vessel  like  that  used  for  fine  char- 
coal  filters.  The  asbestos  thus  becomes  covered 
*»th  paper  pulp,  through  which  the  filtration 
totes  place.  Modifications  of  this  form  are 
now  used  in  the  manufacture  of  beer  and  wine, 
to  separate  certain  impurities. 


335.  Absorption  of  Oases  by  Solids. — If  a  tube, 
A,  be  filled  with  dry  ammoniacal  gas  at  a 
mercurial  trough,  B,  and  a  piece  of  freshly  pre- 
pared charcoal,  C,  passed  through  the  mercury 
into  the  gas,  the  charcoal  will  immediately  begin 
to  absorb  the  gas,  and  the  action  will  continue  Absorption  of  gam 
until  it  has  imbibed  many  times  its  own  volume.  b* Boli,la- 

Charcoal   made  from   boxwood  possesses  this 
property  in  a  very  high  degree.    For  this  substance  the  absorp- 
tive power  is  as  follows,  for  different  gases  at  ordinary  pressures. 
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Those  taken  up  in  largest  quantity  are  the  more  liquifiab>le- 
The  amount  increases  with  the  pressure. 

One  volume  of  boxwood  charcoal  takes  up  of 

Ammonia 90    volume*. 

Hydrochloric  acid 85  »• 

Sulphurous  acid 65  ** 

Sulphuretted  hydrogen 55  •* 

Carbonic  acid 35  4I 

Carbonic  oxide 9.4  •• 

Oxygen 9  2  «• 

Nitrogen 7.5 

Hydrogen 18 


14 


The  power  of  chestnut  charcoal  is  still  greater,  one  volume 
taking  up  171  of  ammonia,  108  of  cyanogen,  and  73  of  carbonic 
acid.  Pine  charcoal  has  about  half  the  power  of  boxwood  coal. 
Corkwood  coal,  though  very  porous,  has  little  or  no  absorbent 
power,  neither  has  graphite. 

These  results  are  to  be  attributed  to  the  property  whicL  cer- 
tain substances  possess  of  condensing  gases  upon  their  surfaces 
(234).  It  is  evident  that  in  the  case  of  charcoal  the  extent  of 
surface  is  enormously  increased  by  its  sensible  pores,  heuce 
there  is  nothing  very  surprising  in  the  power  with  which  it  acts* 

336.  Disinfectant  Action  by  Charcoal  Explained. — We  have  had 

occasion  (284)  to  refer  to  the  nascent  condition,  and  energetic 
chemical  action  of  gases  condensed  on  the  surface  of  metals  in 
electric  decompositions.  This  action  offers  an  explanation  of  the 
power  of  charcoal,  and  certain  other  porous  bodies,  to  destroy 
evil  odors  and  emanations. 

Whenever  gases  are  submitted  to  surface  condensation  by 
solids  their  chemical  activity  is  increased.  The  oxygen  of  air 
when  absorbed  by  the  pores  of  charcoal  is  condensed  upon  their 
surfaces;  in  this  condition  its  chemical  activity  is  greater,  at  the 
same  time  the  gaseous  constituents  of  the  odors  or  emanations 
are  also  compressed  into  smaller  compass  in  the  pores  of  the 
charcoal,  and  their  proneness  to  oxidation  is  in  like  manner 
advanced.  The  action,  therefore,  works  both  ways,  the  ten- 
dency of  the  oxygen  and  the  oxidizable  matter  to  go  into  union 
is  increased,  with  the  result  of  producing  new  combinations 
which  would  not  be  possible  at  ordinary  temperatures  in  the 
absence  of  charcoal. 

337.  Occlusion. — Among  metals  platinum  in  the  form  of  powder, 
called  platinum  black,  possesses  high  absorbent  power.  So  also 
does  spongy  platinum,  which  is  said  to  condense  250  times  its 
volume  of  oxygen  at  ordinary  temperatures.  The  intensity  of 
the  affinity  of  oxygen  and   hydrogen  condensed  in  the  pores 
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°f  Bpongy  platinum  becomes  so  great  that  the  temperature  runs 
UP  to  the  point  of  ignition,  and  the  hydrogen  takes  fire  as  in  the 
l*iibereiner  lamp,  rig.  134,  which  consists  of  a  small  hydrogen 
S^nerator,  ABC,  in  which  when  a  certain  quantity  of  gas  has 
Collected  the  apparatus  ceases  to  act.  By  means 
pf  a  stopcock,  D,  the  gas  issues  through  a  fine  Fl«-  '84. 
Jet  and  impinges  upon  a  small  maes  of  spongy 
I'latinum  E,  with  the  result  described. 

If  ordinary  platinum  be  heated  and  then  allowed 
to  cool  in  hydrogen,  it  absorbs  four  timcB  its 
volume  of  gas.  Palladium  oft'ers  a  still  more  re- 
Diarkable  example,  absorbing  hydrogen  not  only 
in  cooling  but  also  when  cold.  If  this  metal  is 
used  aa  the  pole  of  a  voltaic  battery  in  the  electric 
decomposition  of  water,  it  will  absorb  no  leBS  than 
980  times  its  volume  of  hydrogen  gaB.  Under  "ton*™ 
these  circumstances  the  density  of  the  gas  is 
enormously  increased.  In  this  state  it  probably  acts  like  a 
metal,  forming  an  alloy  with  the  palladium. 

The  gas  which  is  taken  up  by  metals  in  the  manner  described 
cannot  ne  removed  by  an  air  pump;  for  its  expulsion  elevation 
of  temperature  is  required.  Graham  has  called  these  phenomena 
of  absorption  of  gases  by  metals  occlusion,  and  conceives  that 
they  occur  under  circumstances  in  which  there  are  no  pores. 
In  regard  to  this  opinion  the  student  is  referred  to  (43),  in  which 
the  existence  of  sensible  pores  in  gold  and  other  metals  is  dis- 
cussed. If  their  existence  is  granted,  the  phenomena  of  occlusion 
become  a  mere  exaggeration  of  surface  condensation  of  a  gas 
by  pores  of  a  solid,  as  explained  in  (335). 

The  experimental  illustration  of  the  occlusion  of  hydrogen  by 
palladium  may  be  shown  by  making  two  long  slender  strips  of 
this  metal  the  terminal  electrodes  of  a  voltaic  battery,  and  im- 
mersing them  in  water  in  a  decomposition  cell.  One  side  of 
euch  strip  should  be  varnished  to  prevent  contact  with  the  water. 
On  passing  the  current  through  the  cell  the  palladium  pole  from 
which  the  hydrogen  is  evolved  occludes  the  gas  only  on  its 
unvarnished  surface;  hence  there  is  expansion  on  that  side 
alone  and  the  strip  becomes  curved  in  accordance  therewith. 
Reversing  the  current  the  strip  which  curved  becomes  straight, 
while  the  opposite  strip  curves.  Tlius  acting  like  a  finger,  each 
strip  in  its  turn  designates  the  track  the  current  of  electricity 
is  taking. 

The  fact  of  the  occlusion  of  hydrogen  by  iron  has  led  to  ex- 
amination of  the  meteors  which  from  time  to  time  come  from 
the  regions  of  space  to  the  earth  Whenever  these  contain  iron 
it  is  found  to  present  occluded  hydrogen,  thus  demonstrating 
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the  existence  of  both  of  these  elements  in  regions  exterior 
the  atmosphere. 

338.  Transpiration  of  Liquids  and  Oases. — This  terra  is  appli< 
to  the  passage  of  liquids  or  gases  through  capillary  tubes  und^^ 
pressure.     The  experiments  of  PoiseuiUe  have  determined  th^- 
following  laws  of  effusion  or  efflux,  both  of  which  terms  are  ei 
ployed. 

l6t.  The  flow  increases  directly  as  the  pressure. 

2d.  With  tubes  of  equal  diameters,  the  quantities  discharj 
in  equal  times  are  inversely  as  the  lengths. 

3d.  The  material  of  which  the  tube  is  made  does  not  influence? 
the  result. 

4th.  For  liquids  in  tubes  of  equal  length  but  different  diam- 
eters, the  rate  of  efflux  is  as  the  fourth  powers  of  the  diameter*. 

5th.  For  gases,  as  the  temperature  rises  the  transpiration  is 
slower. 


CHAPTER    VIII. 

MOLECULES  OF  TWO  MEDIA,  BOTH  SETS  MOVING. 

Solution  and  mixture  contrasted — Diffusion  between  liquids  or  solution* — Crr*- 
talloids  and  colloids — Amoeboid  movements  imitated — Diffusion  between 
gases — Absorption  of  gases  by  liquids. 

In  this  case  we  have  the  following  conditions:  1st.  The  move- 
ment of  the  molecules  of  a  solid  among  tho*e  of  a  fluid  forming 
a  solution.  2d.  The  movement  of  the  particles  of  one  fluid  or 
solution  into  another.  3d.  Movement  of  molecules  of  one  gas 
among  those  of  another.  4th.  Movement  of  gaseous  molecules 
among  those  of  a  liquid. 

339.  Solution  and  Mixture  Contrasted.— In  (283)  the  subject  of 
solution  has  in  part  been  discussed.  It  is  a  phenomenon  very 
difficult  to  place,  involving  both  simple  adhesion  and  molecular 
motion. 

Solution  may  be  of  two  kinds:  1st.  Chemical,  in  which  there 
is  more  or  less  change  of  composition  and  properties,  so  that  we 
do  not  regain  the  same  solid  on  evaporating  the  solution  to  dry- 
ness.    2d.  Physical,  in  which  the  properties  of  the  body  are 
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not  altered,  and  it  can  be  regained  in  its  original  form  by  simple 
evaporation  of  the  dissolving  menstruum. 

^Movements  attending  either  of  these  acts   are  largely  due 
to    increased  gravity  ot  the  solution  formed  over  that  of  the 
nienstruum   in   which   it  is   produced.     They   may  be  shown 
W  the  arrangement  in  Fig.  135.     It  consists 
of  a  glass  cell,  A,  the  sides  and  surfaces  of  Fio.  135. 

vvhich  are  flat  and  parallel.     The  space  en- 
closed is  about  three  inches  square,  and  half 
an  inch  thick.     A  morsel  of  sugar,  B,  is  sus- 
pended by  a  platinum  wire  in  the  interior  of        1B-=JBaiJ_Bfc_ _ 
the  cell  in  the   position   indicated,   and  the        solution  illustrated, 
arrangement  placed  upon  the  stage  of  a  pro- 
jection lantern  and  focussed  upon   the  screen.     Water  is  then 
poured  into  it  until  it  reaches  or  covers  the  sugar,  when,  at  once, 
the  action   begins,  and  the  currents  established  form  a  most 
interesting  spectacle. 

This  action  continues  until  the  equilibrium  between  the  cohe- 
sive and  adhesive  forces  described  in  (283)  is  attained;  it  then 
ceases,  and  the  solution  is  said  to  be  saturated.  The  point  of 
saturation  for  any  solid  in  a  given  menstruum  is,  however, 
variable  for  different  temperatures,  though  the  same  at  any 
given  degree. 

In  the  case  of  the  intermingling  of  fluids  like  alcohol  and 
water,  there  is  no  limit  of  solubility  or  saturation,  either  one 
way  or  the  other.  These  are  called  mixtures.  In  certain  in- 
stances, the  first  stage  of  the  preparation  of  such  mixtures  is 
attended  by  change  in  temperature,  as  with  sulphuric  acid  and 
water.  It  is,  therefore,  thought  by  some  that  solution  may,  in 
these  instances,  be  a  low  form  of  chemical  action  or  chemism. 

On  the  other  hand,  there  are  cases  in  which  two  liquids  do 
not  form  mere  mixtures,  but  true  solutions  which  show  a  point 
of  saturation;  examples  of  this  are  offered  in  the  relations  of 
water  to  volatile  oils,  many  of  which  are  soluble  only  to  a 
definite  point,  when  the  solution  may  be  said  to  be  saturated. 

Certain  mixtures  separate  easily,  as  those  of  fats  in  water  and 
albumen.  These  are  known  as  emulsions;  of  this  group  fresh  milk 
is  an  example.  In  time  it  separates  spontaneously.  Objection 
might  be  made  to  this  instance,  on  the  score  of  the  chemical 
changes  that  at  the  same  time  take  place.  Such  objections  are, 
however,  not  valid  in  the  separation  of  the  constituents  of  milk 
by  mere  centrifugal  action  (312). 

In  true  solutions  of  saline  bodies,  separation  of  the  constituents 
only  takes  place  by  the  act  of  crystallization,  when  the  point  of 
saturation  of  any  one  of  its  components  is  reached. 

340.  Diffusion  Between  Liquids  or  Solutions.  —Though  all  liquids 
appear  to  resemble  each  other  closely,  there  are  nevertheless 
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essential  differences  between  them.  Water,  for  example,  w*"** 
intermingle  freely  and  in  all  kinds  of  proportions  with  alcohw  — '- 
if  agitated  therewith,  but  not  at  all  with  certain  oils.  Waterar"^ 
alcohol  not  only  form  a  mixture  when  shaken  together,  bs**-- 
also  when  merely  placed  in  contact,  the  alcohol  being  carefuls*. 
floated  on  the  surface.  Under  these  circumstances,  in  spite  c^3 
the  greater  specific  gravity  of  the  water,  it  passes  upwards  t-- 
mix  with  the  alcohol,  and  the  light  alcohol  penetrates  to  th  ^ 
very  lowermost  layers  of  the  water,  until  finally  they  form  *» 
uniform  mixture  throughout.  To  this  phenomenon  of  the? 
spontaneous  intermingling  of  raiscible  liquids,  the  name  of 
simple  diffusion  is  given. 

The  laws  which  govern  simple  diffusion,  or  that  form  in 
which   there  is    no   barrier  between   the  liquids,  have  been 
thoroughly    investigated    by    Graham.      The 
Fio.  13G.  method  he  finally  adopted  was  to  take  a  wide- 

^»c  necked  bottle,  A,  with  a  capacity  of  about  four 

ounces.  The  edge  of  the  lip  of  this  was 
ground,  and  a  disk  of  thin  glass,  C,  fitted 
thereto.  The  bottle  was  filled  with  the  liquid 
or  solution  to  be  examined,  and  the  cover  put 
in  position.  It  was  then  placed  in  a  jar,  B,  as 
is  shown  in  Fig.  136,  and  the  jar  filled  with 
distilled  water  to  a  height  of  one  inch  over  the 
cover.  Uniformity  in  this  respect  was  an  im- 
portant element  in  all  his  experiments — the 
amount  of  water  employed  was  about  20  ounces. 
The  disk  was  then  removed  with  as  little  dis- 
Diffiuion  iiiimntcd.  turbance  as  possible,  and  after  the  lapse  of 
sufficient  time  replaced,  and  successive  layers 
of  the  water  removed,  and  their  composition  determined. 

Under  this  method  of  examination  various  solutions  exhibited 
different  powers  of  diffusion.  The  following  table  gives  the 
times  of  equal  diffusion. 


Rydmcliluriu  acid 1.0 

Chloride  of  sodium 2.3 

Mamie.ium  Milphate !       7^0 

Albumen 49.0 

Caramel U8.0 

Elevation  of  temperature  increased  the  quantity  of  solution 
diffused.  The  rate  for  hydrochloric  being  one  at  15°  C,  was 
more  than  doubled  at  4!I°*C. 

When  substances  which  do  not  combine  are  mingled,  that 
which  is  more  diffusive  passes  out  of  the  bottle  more  rapidly; 
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the  two  bodies  are  thus  partially  separated.     Sometimes  chemical 
decomposition  results  from  this  action. 

341.  Crystalloids  and  Colloids. — In  the  list  of  substances  given 
1n  the  preceding  diffusion  table,  some  are  crystalline  and  some 
*re  amorphous.     Of  crystalline  or  saline   bodies,  magnesium 
sulphate  is  one  of  the  least  diffusible,  yet  it  diffuses  seven  times 
us  fast  as  albumen,  and  fourteen  times  as  fast  as  caramel.     Other 
bodies,  as  starch,  dextrine,  gum,  hydrated  silicic  acid,  resemble 
albumen  and  caramel  in  their  low  rate  of  diffusibility,  and  form 
a  distinct  group.     To  this  group  Graham  has  given  the  name  of 
colloid  or  glue-like,  in  contradistinction  to  the  saline  or  crystal- 
loid substances  which  have  so  much  greater  diffusive  power 
(347). 

342.  Amoeboid  Movements  Imitated. — Tn  connection  with  the 
phenomena  of  diffusion  of  liquids,  I  have  for  a  few  years  past 
exhibited  to  my  classes  a  very  curious  and  instructive  original 
experiment  in  which  the  actions  seen  in  amoeba  under  a  micro- 
scone,  are  imitated  with  singular  fidelity. 

Th4  apparatus  consists  of  the  cell  described  in  (339).  The 
inner  wall  must  be  perfectly  clean.  It  is  half  filled  with  pure 
water,  and  placed  upon  a  lantern  stage.  A  layer  of  alcohol  is 
gently  poured  on  the  water  to  the  depth  of  about  a  tenth  of 
an  inch;  the  cell  is  then  cautiously  tilted  to  moisten  one  of  its 
sides,  and  returned  to  the  normal  condition. 

After  a  short  time  drops  form  on  the  surface  of  the  glass. 
These  are  focussed  upon  the  screen,  in  order  that  their  move- 
ment may  be  seen  to  advantage.  They  are  perfectly  outlined, 
and  move  about  extruding  and  withdrawing  curious  processes, 
exactly  after  the  fashion  of  amoeba.  If  they  approach  closely 
to  each  other  they  cohere,  and  become  one.  Thus  far  it  is  easy 
to  conceive  that  one  is  watching  the  movements  of  amoeba. 
But  even  more  extraordinary  motions  are  executed.  From  time 
to  time,  one  of  these  singular  protean  forms  approaches  the 
surface  of  the  liquid,  and  assuming  the  outline  of  a  very  short- 
necked  flask,  begins  a  rapid  movement  which  is  an  exact 
counterpart  of  the  act  of  drinking. 

These  marvellous  movements  on  the  wall  of  the  glass  cell 
continue  for  some  time.  I  have  often  watched  them  for  two 
hours  continuously.  As  one  gazes  upon  them  as  though  fas- 
cinated, it  is  almost  impossible  to  divert  the  mind  from  the 
idea  that  the  motions  are  executed  by  some  one  of  the  lower 
forms  of  animal  organisms.  We  look  upon  phenomena  like 
those  we  have  described,  as  one  of  the  most  characteristic 
features  of  animal  life,  yet  we  here  find  them  executed  by  mere 
unorganized  drops  of  fluid. 
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Though  we  have  introduced  the  above  experiment  in  thi  * 
division  of  our  subject,  it  is  to  he  understood  that  in  addition  tcP 
the  acts  of  diffusion  on  which  they  are  based,  other  influences.^ 
such  as  evaporation  and  adhesion  to  the  glass  surface,  are  in — 
volved.  The  latter  is  a  most  essential  element  of  success,  for- 
without  proper  attention  to  cleansing  the  cell,  the  experiment 
ib  not  satisfactory. 

343.  Diffniion  Between  Oases. — Gases  also  diffuse  when  bronght 
in  contact  with  each  other,  and  form  a  perfect  mixture,  no  matter 
how  great  the  difference  in  their  specific  gravities  may  be. 

In  Fig.  137,  the  interior  of  the  jar  II  is  first  moistened  with 

strong  hydrochloric  acid;  it  is  thus  filled  with  hydrochloric  acid 

gas.     It  must  be  kept  mouth  upwards,  as  the  gas 

Fig  137.         1S  heavier  than  air.     In  like  manner,  the  bell  A  is 

filled  with  ammoniacal  gas,  the  operation  being 

•**"v         conducted  at  a  distance  from  H,  and  the  bell  being 

m        ■         kept  mouth   downwards   to  retain  the  light  gas. 

|         I A      They   arc  then    brought   mouth    to    mouth.      At 

R         nl         once  the  gases  intermingle  in  6pite  of  their  differ- 

■  I       nl         ent  gravities,  white  fumes  of  ammonium  chloride 

4i~  jlP        appearing,  which  almost  immediately  till  the  jure. 

In  the  above  arrangement  one  is  impressed  with 

a  the  great  rapidity  with  which  gascB  diffuse  when 
compared  with  liquids.  The  result  grows  out  of 
the  fact  of  the  greater  mobility  of  the  gaseous 
molecules,  and  is  a  proof  of  the  hypothesis  that 
the  particles  of  these  elastic  fluids  are  in  constant 
active  motion. 
»iiiui..u brtwwn  If  the  diffusion  of  gases  into  the  atmosphere  is 
nun.  hindered,  by  placing  them  in  closed  vials  which 

communicate  with  the  air  by  tubes  about  ten 
inches  in  length,  and  u  small  fraction  of  an  inch  in  diameter, 
the  relative  rate  may  be  easily  determined.  From  experiments, 
conducted  in  this  manner,  Graham  arrived  at  the  following 
results : 

Rtlatne  ttiffuiihrfity  of  gnu*  into  air 


Olellunt  gn* 
Carbon k-  anhydride 
SuluburuiM  anhydride 
Chlurin.  . 


69.6 
46.3 
47.0 
46.0 
S9.6 


Showing  that  the  lighter  the  gravity,  the  more  rapid  the  rate 
of  diffusion. 
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Vapors  also  move  into  each  other,  and  into  gases.  Under 
a"  circumstances  of  diffusion  of  gases  and  vapors,  they  never 
again  separate  by  virtue  of  their  differences,  but  constitute  a 
uniform  mixture  until  decomposed  by  suitable  chemical  means. 

344.  Abtorption  of  Oases  by  Liquids  may  be  eithen  chemical 
or  physical.  In  the  first  case,  the  amount  taken  up  is  definite 
and  fixed,  as  of  carbonic  acid  and  chlorine  in  a  solution  of 
caustic  soda.  In  the  second,  the  proportion  varies  with  tem- 
perature and  pressure. 

As  regards  the  effect  of  pressure  on  physical  solution  of  eases, 

the  law  is  very  simple,  the  amount  dissolved  varying  almost 

directly  as  the  pressure.   For  this  result,  we  find  an  explanation 

in  Boyle's  or  Mariotte's  law  (223).     The  effect  of  temperature 

cannot  be  so  readily  brought  under  the  influence  of  any  stated 

law.    In  a  general  way,  gases  are  less  soluble  at  high  than  at  low 

temperature;  there  are,  however,  many  exceptions:  hydrogen, 

for  example,  is  equally  soluble  in  water  between  0°  and  25°  C. 


CHAPTEK    IX. 

MOLECULES  OP   MANY   MEDIA,   A  PORTION   MOVING. 

Establishment  of  continuous  flow  in  capillary  tubes — The  endosmometer — 
Osmosis — Dialysis — Applications  of  dialysis  —  Osmosis  of  gases  through 
porous  media — Hygienic  importance  of  osmosis  of  gases — Osmosis  of  gases 
through  metals — Vitiation  of  air  by  stoves — Capillarity  and  chemism. 

Where  the  molecules  of  all  the  media  present  are  in  move- 
ment the  conditions  are  similar  to  those  given  in  Chapter  VIII. 
Where  the  molecules  of  one  of  the  media  are  at  rest,  the  con- 
ditions are  a  combination  of  those  presented  in  Chapters  VII. 
and  VIII.,  and  new  and  very  important  phenomena  arise.  To 
these  we  shall  devote  special  attention. 

345.  Establishment  of  Continuous  Flow  in  Capillary  Tubes. — In 
(325)  it  is  stated  that  a  capillary  tube  does  not  allow  a  liquid  to 
overflow  when  it  is  broken  short  of  the  height  to  which  it  can 
raise  the  liquid. 

This  is  true  so  long  as  nothing  is  done  to  remove  the  liquid 
as  it  reaches  the  fractured  extremity.     If,  on  the  contrary,  the 
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liquid  being  water,  we  from  time  to  time  touch  the  end 
tube  with  a  Blip  of  blotting  or  other  bibulous  paper,  the  1 
taken  up  by  it,  and  more  rises  to  fill  its  place.  Id  like  m 
the  fluid  beiug  alcohol,  it  may  be  evaporated  at  the  end 
capillary  tube,  and  an  upward  current  thereby  established 

We  nave  seen  in  (340)  that  liquids  diffuse  into  each 
If,  therefore,  we  make  a  capillary  tube,  C,  the  means  ol 
munication  between  a  vessel.  A,  cc 
ing  alcohol,  and  another,  W,  fille< 
water,  as  fast  as  the  contents  of  W 
A  they  will  be  removed  by  diffusio 
the  larger  mass  of  alcohol,  and  a  conti 
flow  from  W  to  A  established.  C 
other  hand,  as  fast  as  the  alcohol 
through  the  capillary  to  W,  it  will 
nLP-idcmpiiurriato.         turn  ne  removed  and  a  flow  estafc 

from  A  to  W. 
Thus  through  a  flue  tube  two  liquids  may  be  movi 
opposite  directions  at  the  same  time  under  the  combin 
fluence  of  capillarity  and  simple  diffusion.  In  such  a  mov 
the  liquid  which  has  the  greater  capillarity  and  diffusive 
will  have  the  advantage,  and  move  in  larger  quantity  or 
rapidly. 

346.  The  Endtumometer  was  so  called  by  its  iovento 

trochet.     It  consists  of  a  glass  tube,  E,  a  couple  of  feet  in  1< 

to   the   lower   extremity   of  wl 

Fio.  139.  small  bladder.  A,  is  attached  w 

leakage.    The  bladder  being  tille 

alcohol  the  arrangement  is  imn 

in  water  contained  in  the  vase  \ 

The    tempenitures   of    the  a 

and  the  water  being  the  same, 

the  bladder  is  first  placed  in  the 

the  liquid  occupies  the  lower  i 

the  tube  E.     Soon,  however,  it  i 

to  rise,  and  forming  drops  at  E, 

fall  one  after  another  and  a  cor 

able  overflow  of  a  mixture  of  a 

^r^-^*^^      (       Jl       n,,d  »ater  mnv  be  collected  in  i 

^ii  ii         ^"— **  Various   other   liquids  can  t> 

stituted  for  alcohol  in  the  bladd 
witli  a  similar  result,  vis.,  acco 
Among  such  articles  are  syrup, 
or  any  solution  denser  than  watei 
As  a  rule,  accumulation  of  fluid  takes 
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on  the  side  of  the  denser  liquid ;   to  this  there  are,  however, 
exceptions,  alcohol  being  one  of  the  most  notable. 

Since  in  the  experiments  we  have  described  there  is  a  move- 
ment towards  the  interior  of  the  bladder,  and  an  accumulation 
therein,  Dutrochet  gave  to  this  phenomenon  the  name  of  endos- 
mosis,  from  two  Greek  words  signifying  inward  movement. 

The  explanation  of  the  action  of  the  endosmometer  is  furnished 
in  (345).  The  membrane  which  separates  the  two  liquids  is  to 
be  regarded  as  a  porous  partition.  These  pores,  whatever  their 
shape  or  character,  may  oe  conceived  to  be  equivalent  to  short 
capillary  tubes  or  crevices,  extending  from  one  surface  of  the 
membrane  to  the  other  and  terminating  at  each  end  in  open 
mouths ;  one  in  contact  with  alcohol,  the  other  with  water. 

Under  these  conditions  since  water  moves  along  capillary 
crevices  with  greater  facility,  accumulation  is  in  the  interior  of 
the  bladder,  and  endosmosis  results.  The  exceedingly  minute 
calibre  of  the  pores  in  such  membranes  gives  them  enormous 
power,  according  to  the  laws  of  capillarity  (329). 

847.  Osmosis. — In  the  preceding  article  we  have  dealt  onlv 
with  the  result  as  far  as  the  interior  of  the  bladder  is  concerned, 
and  have  seen  that  there  is  an  accumulation  of  a  mixture 
of  alcohol  and  wrater  therein.  Let  us  now  examine  the  con- 
dition of  the  fluid  on  the  exterior  of  the  bladder.  By  analysis 
we  find  that  it  is  no  longer  pure  water,  but  that  a  certain  pro- 
portion of  alcohol  is  present.  While  water  has  been  passing  in- 
wards into  the  bladder,  alcohol  has  been  passing  outwards  to  the 
water.  To  this  movement  the  name  of  exoxmosis  was  given 
by  Dutrochet;  the  double  action  is  included  under  the  term 
osmosis,  which  was  introduced  by  Graham. 

Prom  the  above,  it  is  evident  that  often  where  endosmosis 
exists,  exosmosis  is  present.  The  movements  are  in  opposite 
directions,  and  at  different  rates.  In  some  cases  movement  is 
only  in  one  direction. 

The  exhibition  of  exosmotic  action  may  be  readily  shown  by 
reversing:  the  charging  of  an  endosmometer,  putting  water  in 
the  bladder,  and  tilling  the  vase  with  alcohol.  Under  these 
conditions  instead  of  the  wall  of  the  bladder  becoming  more 
tense  and  forcing  liquid  up  the  tube,  it  becomes  flaccid,  snowing 
a  loss  of  its  contents. 

8o  strong  are  these  osmotic  actions  that  they  can  often  over- 
come feeble  chemical  affinity,  in  the  case  of  dilute  alcohol  for 
example.  Since  water  moves  much  more  rapidly  through  a 
membrane  than  alcohol,  if  a  bladder  containing  dilute  alcohol 
is  suspended  in  a  current  of  air  to  promote  evaporation  from 
its  exterior,  the  alcohol  in  the  interior  will  become  stronger  and 
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stronger,  until  at  last  it  is  almost  completely  dehydrated  by 
exosmotic  action  on  the  water  and  its  removal  by  vaporizal 

348.  Dialysis. — Liquids  not  only  traverse  porous  membra 
but  they  also  pass  or  diffuse  through  jelly-like  media  or  sc 
which  are  supposed  not  to  possess  pores  in  the  ordinary  ft 
of  the  term,  though  about  this  there  may  be  some  questioi 
they  certainly  have  physical  pores  if  they  may  not  present 
sible  ones.  This  diffusion  through  jelly-like  septa  Graham 
called  dialysis.  Desehanel  says  such  septa  act  as  solvents  tal 
up  crystalloids  on  one  side  and  surrendering  them  on  the  of 

The  best  substance  for  a  dialytic  medium  is  parchment  pa 
It  is  unsized  paper  which  has  been  immersed  for  a  few  aec< 
in  sulphuric  acid  diluted  with  one-third  its  bulk  of  water, 
then  washed  with  weak  ammonia  and  dried.  Thus  treated 
paper  becomes  very  tenacious  or  parchment-like.  If  di] 
in  water,  it  swells  and  becomes  translucent.  Parchment  p; 
may  also  be  prepared  by  a  solution  of  chloride  of  zinc. 

In  (341)  Graham's  division  of  bodies  into  crystalloids 
colloids  has  been  discussed.     The  colloid  group  may  still  fur 
be  divided  into  those  somewhat  soluble  in  water,  and  t 
almost  absolutely  insoluble.     To  the  latter  belongs  parch c 
paper. 

By  simple  diffusion  (340),  a  mixture  of  less  diffusible 
colloid  bodies,  and  highly  diffusible  or  crystalloid  bodies,  un 
goes  partial  separation.  The  difference  in  the  relative  rat 
passage  of  colloids  and  crystalloids  is  enormously  incre 
when  an  insoluble  colloid  septum  like  parchment  paper  is  ii 
duced  between  the  mixture  and  the  water.  Through  su< 
septum  the  passage  of  soluble  colloids  is  resisted.  It  is  this 
which  is  applied  by  Graham  in  his  dialyzer. 


I>tAh«irt. 


A  convenient  form  of  this  instrument  is  represented  in 
140.     It  consists  of  a  hoop  of  glass  or  other  material,  A, 
lower  opening  of  which  has  been  closed  by  parchment  p 
ut  on  wet  and  fastened  in  position  by  a  string  or  rubber  D 
t  should  pass  up  on  the  outside  of  the  hoop  higher  than 
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level  the  fluid  is  to  occupy  on  the  interior.  We  may  be  satisfied 
of  its  soundness  by  sponging  it  with  pure  water  on  the  inside, 
and  seeing  that  no  wet  spots  form  on  the  outside.  In  case  they, 
do,  the  openings  may  be  stopped  by  a  varnish  of  albumen, 
which  is  then  coagulated  by  heat,  Parchment  bags  may  be 
made  in  the  same  way. 

The  mixture  to  be  dialyzed  is  introduced  into  the  hoop  to  a 
depth  of  about  half  an  inch,  and  the  arrangement  placed  in  a 
vessel  of  water,  B,  its  lower  surface  immersed  to  a  slight  depth. 
After  the  lapse  of  24  to  48  hours,  the  operation  will  be  com- 
pete, the  colloids  remaining  in  the  dialyzer,  and  the  crystal- 
oids  being  almost  entirely  in  the  water  on  the  outside.  From 
this  dilute  solution,  the  crystalloids  may  be  obtained  by  evapo- 
ration, precipitation,  or  any  other  suitable  method. 


r, 


349.  Applications  of  Dialysis. — Among  these,  three  are  of 
especial  interest  to  the  physician,  not  only  on  account  of  their 
intrinsic  value,  but  because  they  may  suggest  other  instances 
in  which  this  method  may  be  applied. 

1st.  Soluble  peroxide  of  iron,  also  called  dialyzed  iron,  is  pre- 
pared by  this  process;  the  operation  is  described  by  Graham,  as 
follows:  Perchloride  of  iron  solution  is  first  saturated  with  per- 
oxide of  iron  by  adding  carbonate  of  ammonium  as  long  as  the 
precipitated  oxide  continues  to  redissolve  on  stirring  Pro- 
longed exposure  increases  the  quantity  of  iron  dissolved.  The 
red  liquid  formed  is  already  somewhat  colloidal.  It  is  then 
dialyzed  in  the  usual  way  for  many  days. 

In  an  experiment  recorded  by  Graham,  he  began  with  a  liquid 
in  the  dialyzer,  containing  5  per  cent,  of  solid  perchloride  of 
iron,  which  held  in  solution  about  five  equivalents  of  iron.  In 
the  course  of  eight  days,  it  consisted  of  about  97  per  cent,  of 
peroxide  to  3  of  acid.  In  nineteen  days,  the  hydrochloric  acid 
was  reduced  to  1.5  per  cent.  The  solution  was  then  transferred 
|°  a  vial,  in  which  it  remained  fluid  for  twenty  days,  and  then 
jtllied  spontaneously. 

Water  containing  one  per  cent,  of  this  substance  has  the 
dark  red  color  of  venous  blood.  When  suiBciently  concentrated 
ty  boiling,  a  coagulum  forms  spontaneously,  which  closely  re- 
sembles a  clot  of  blood,  though  more  transparent.  In  its  fluid 
state,  soluble  peroxide  of  iron  is  the  most  useful  and  agreeable 
form  in  which  this  metal  can  be  administered. 

2d.  In  the  detection  of  poisons  the  process  of  dialysis  is  a 
most  valuable  adjunct,  by  which  crystalline  poisons  may  be 
separated  from  the  organic  material  with  which  they  are  mixed. 
Being  thrown  on  the  dialyzer,  and  submitted  to  its  action  for  a 
couple  of  days,  the  separation  is  almost  complete.  On  evapo- 
rating a  portion  of  the  exterior  liquid,  and  allowing  it  to  crys- 
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Fio.  141. 


tallize  over  sulphuric  acid,  if  necessary,  we  may  often  detect 
at  once  the  presence  of  noxious  agents,  which  present  charac- 
teristic forms  of  crystals.  To  the  concentrated  diffusate  the 
ordinary  processes  of  qualitative  and  quantitative  analysis  can 
be  applied,  and  its  character  determined. 

3d.  In  the  examination  of  urine,  dialysis  has  been  applied  for 
the  separation  of  the  crystalloid  constituents,  and  urea  has  in 
this  way  been  obtained  in  so  pure  a  condition  as  to  yield  its 
characteristic  crystalline  form. 

350.  Osmosis  or  Diffusion  of  Gases  Through  Porous  Media. — The 

outward  and  inward  movements  of  gases  through  porous  barriers 
may  be  demonstrated  by  the  arrangement  in  Fig.  141.  It  con- 
sists of  the  porous  earthenware  cell  of  a  Grove 
battery,  A,  to  the  mouth  of  which  a  glass  tube,  B, 
has  been  attached  air  tight.  The  lower  end  ot 
the  tube  dips  under  the  surface  of  water  in  the 
vase  C. 

At  first  the  level  of  liquid  in  the  tube  B  and 
vessel  C  is  the  same,  and  both  are  filled  with  air. 
Enclose  the  porous  jar  A  in  a  bottle,  D,  filled 
with  hydrogen  ;  that  gas  instantly  flashes  through 
the  pores  of  the  battery  cup,  and  mingles  with 
the  air  therein,  accumulating  to  so  great  an  extent 
in  the  interiorthat  it  rushes  out  in  bubbles  through 
the  water.  When  the  escape  of  bubbles  has  nearly 
ceased,  remove  the  bottle  D,  and  expose  A  to  the 
air.  Instantly  a  movement  in  the  opposite  direc- 
tion takes  place,  the  water  rises  rapidly  in  the  tube, 
and  almost  reaches  the  porous  jar  in  spite  of  the 
downward  action  of  gravity. 

Here,  we  have  endos-  and  exosmosis  exhibited  in 
a  remarkable  manner,  and  far  more  energetically 
and  promptly  than  in  the  case  of  liquids.  This,  a 
little  reflection  would  have  led  us  to  expect,  con- 
sidering the  greater  mobility  of  gaseous  molecules, 
which,  we  have  already  seen,  exerts  so  great  an  influence  on  the 
phenomena  of  simple  diffusion. 

The  details  of  the  action  are  as  follows.  At  the  beginning, 
the  interior  and  pores  of  the  vessel  A  are  filled  with  air,  into 
this  the  hydrogen  diffuses,  and  since  its  diffusion  power  is  much 
greater  than  that  of  air  there  is  rapid  accumulation  in  the  in- 
terior of  A.  This  movement  continues  until  the  relative  pro- 
portions of  hydrogen  and  air  in  the  inside  of  A,  and  in  the 
bottle  D  on  the  outside  are  the  same.  It  then  ceases.  On  un- 
covering A,  and  exposing  it  to  the  air,  the  conditions  are 
reversed.     Inside  of  A  there  is  a  mixture  of  gases,  the  chief 
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constituent  of  which  is  hydrogen.  On  the  outside  there  is  air. 
To  this  the  hydrogen  instantly  diffuses.  In  its  outward  passage 
a  partial  vacuum  is  formed,  and  to  till  this  the  water  rises  in  the 
tube,  forced  up  by  atmospheric  pressure. 

In  the  example  of  osmosis  we  have  here  examined,  a  special 
point  of  interest  is  the  use  of  an  inorganic  septum,  showing 
that  the  phenomena  of  osmosis  are  not  confined  to  organic 
media.  In  place  of  the  porous  jar  we  might  have  used  a  septum 
of  India  rubber  or  bladder,  but  the  results  would  not  have  been 
as  striking. 

Another  matter  of  interest  is  the  fact  that  the  movement  is 
more  rapid  than  when  gases  are  freely  exposed  to  each  other, 
as  in  simple  diffusion  (343).  This  is  to  be  attributed  to  the  con- 
densing action  which  all  surfaces  and  pores  exert  upon  elastic 
fluids. 

SSL  Hygienic  Importance  of  Osmosis  of  Gates. — The  osmotic 
movement  of  gases  through  inorganic  bodies  is  a  matter  of  con- 
siderable importance  from  a  hygienic  point  of  view.  As  we  have 
seen  hydrogen  flash  instantly  through  the  porous  vessel  A,  so 
will  it  pass  through  one  or  many  thicknesses  of  brick,  or  through 
the  plaster  of  which  walls  are  formed.  A  person  may  even  blow 
through  a  brick.  Gaseous  or  vaporous  emanations  in  one  apart- 
ment of  a  building  thus  find  their  way  into  other  rooms.  The 
effluvia  arising  from  leakage  in  a  water-closet  in  one  location, 
freely  penetrates  to  all  parts  of  a  house. 

To  a  certain  extent,  free  passage  of  gases  through  plaster, 
brick,  and  similar  barriers,  may  be  prevented  by  coating  them 
with  several  thicknesses  of  paint.  As  regards  floors,  the  use  of 
tiles  and  slabs  of  marble  is  for  this  reason  to  be  preferred  to 
that  of  wood,  unless  the  latter  is  of  the  pitch  pine  variety. 
Movable  rugs  are  superior  to  carpets,  since  they  secure  better 
opportunities  for  cleanliness. 

In  like  manner,  hydraulic  cement  spread  on  the  cellar  floor 
of  a  house  built  on  made  ground  is  a  very  imperfect  protection 
against  the  passage  of  noxious  gases  evolved  from  the  earth. 
It  does  not  keep  moisture  out;  it  would  be  greatly  improved 
if  saturated  witn  bitumen,  which  should  be  applied  hot  and 
pressed  with  heavy  hot  rollers,  as  in  laying  bitumen  pavements. 

The  hygienic  benefits  arising  from  sleeping  in  a  tent  during 
a  camping-out  excursion  are  largely  to  be  attributed  to  purity 
of  the  air  which  results  from  free  gaseous  osmosis  through  the 
canvas  of  the  tent.  On  well-drained  ground,  with  a  close 
boarded  floor  covered  with  rugs,  and  double  canvas  overhead, 
a  tent  offers  in  fair  weather  better  hygienic  conditions  than  can 
be  attained  in  most  houses. 
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352.  Osmosis  of  Oases  Through  Metals. — In  iron  or  steel  cvliS^, 
ders,  hydrogen  may  be  compressed  under  a  pressure  of  50  o* 
more  atmospheres,  and  preserved  therein  without  sensible  \os& 
for  an  indefinite  lapse  of  time.     This  statement  is  perfectly  true 
while  the  temperature  is  that  which  we  ordinarily  find  existing 
in  air;  but  if  this  condition  be  changed,  and  the  temperature 
raised  to  a  red  heat,  iron  can  no  longer  retain  gas,  not  even  at 
ordinary   pressures.      With  elevation  of  temperature  its  prop- 
erties in  this  respect  are  so  altered  that  it  permits  the  diffusion 
of  hydrogen  with  a  facility  rivalling  that  of  the  porous  battery 
jar  employed  in  the  experiment  (350). 

Not  only  iron,  but  platinum  and  other  metals,  permit  the 
osmosis  of  gases  at  high  temperatures  even  more  readilv  tlrin 
India-rubber  does  at  the  ordinary  temperature  of  air.  Graham 
found,  for  example,  that  a  square  metre  of  caoutchouc  0.014 
millimetre  thick  would  permit  the  passage  of  129  cubic  centi- 
metres of  hydrogen  at  20c  C.  A  platinum  tube  1.1  millimetre 
in  thickness  and  the  same  extent  of  surface,  during  the  same 
time  permitted  the  exosmosis  of  4S9  cubic  centimetres  of  that 
gas. 

353.  Vitiation  of  Air  by  Stores. — At  first  glance  the  principle 
discussed  in  the  preceding  article  would  appear  to  be  of  little 
practical  value  to  physicians.  Not  so.  however,  when  we 
examine  it  in  all  its  bearings. 

The  economic  solution  of  the  problem  of  warming,  in  the 
United  States,  consists  in  the  almost  universal  use  of  stoves  or 
hot -air  furnaces,  in  which  the  burning  mass  is  in  direct  contact 
with  a  vessel  ot  iron;* under  these  conditions  the  iron  become* 
rvd  hot,  and  in  that  state  is  permeable  to  gases. 

Among  the  products  of  combustion  in  a  stove  or  furnace  there 
arv  two  gases  which  exert  a  highly  noxious  action  upon  the 
human  economv:  these  are  carbon  monoxide  or  carbonic  oxide, 
and  carbon  dioxide  or  v.;rSonie  acid  gas.  Both  pass  freely 
through  red-hot  irvn.  arc.  Uiav  U«  readilv  found  bv  collecting 
the  iaxcr  v»f  air  ;.:*:!v.*v.-.au *v  it:  ooMact  with  the  exterior  sur- 
face  ot  the  rvd-V.o:  :ror.%  ar.d  sul  v  ::tir.g  it  to  chemical  analysis. 

O>r..o>is  \^(  \\\k>c  c->es  ir.av  l-v  ;  rvwnted  bv  lining  the  in- 
tenor  ot*  the  oo: v. ;■.:>:: on  cha".:N:r  with  soapstone  or  tire-brick. 
These  are  xerv  ;^-;v.eah"e  to  c*>cs.  but  b\  their  use  iron  does 
not  ha\e  its  tcv..;xra:uiv  rais^i  :.i^h  trough  to  allow  them  to 
p*».   their  escape  :s,  :here:'.*-\,  :  rwerted. 

The  «m^  o:  >-.:ch  a  "inir.g  :v.\  ves  considerable  loss  of  heat. 
Thi>.  houexcr,  cav  *.v  co;:v:v->.**:td  by  increasing  the  surface  of 
pipes  or  t;:!v>  :!  .-v.:*?  u*.  •/.  -,A  ;  r  *:::c:s  of  combustion  pass. 
Variou>  vu\  ,v>  ■■.  :".  o  •  •-.*.:    :  ,ir."..s  Lav*.  been  applied  to  the 
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854.  Capillarity  and  Chemism. — In  (345)  we  have  seen  that  by 
Tneans  of  physical  agencies  a  continuous  flow  may  be  established 
in  capillary  channels.  Suppose  that  in  addition  to  physical 
phenomena  we  also  have  to  deal  with  changes  in  cnemical 
affinity  or  chemism  under  conditions  like  those  which  follow  : 
What  will  the  result  be  ? 

Let  A  V»  Fig.  142,  represent  a  capillary  vessel,  and  grant 
that  a  liquid  having  an  affinity  for  its  walls  enters  at  A,  drawn 
in  by  capillarity.     Under  ordinary  conditions,  the  liquid  would 

Pio.  142. 
a     v 
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simply  pass  into  the  tube,  but  a  continuous  flow  would  not 
be  established.  If  as  the  liquid  passed  towards  V  its  affinity 
for  the  capillary  walls  was  gradually  lost,  it  is  evident  that  con- 
ditions favorable  to  an  unbroken  flow  would  then  exist.  The 
inert  liquid  would  be  pressed  out  by  the  onward  movement  of 
the  active  fluid  entering  behind  it.  Loss  of  affinity  would  be 
equivalent  to  a  removal  of  the  liquid  as  fast  as  it  reached  a 
certain  position  and  movement  would  result.  Suppose  A  to 
represent  arterial  blood  and  V  venous,  moving  in  a  capillary, 
and  the  bearing  of  the  proposition  is  evident. 

In  the  preparation  of  the  articles  thus  far  forming  this  Section, 
we  have  been  compelled  to  resort  to  considerable  condensation. 
Those  who  desire  a  more  extended  acquaintance  with  the  subject 
will  find  it  fully  discussed  in  Graham's  "  Chemical  and  Physical 
Researches,"  and  also  in  Watt's  "Dictionary  of  Chemistry." 


CHAPTER  X. 

PHYSIOLOGICAL  APPLICATION  OF  TRANSLATORT  MOLECULAR 

MOTION. 

Accent  of  sap  in  trees — Absorption  in  animals — Harvey's  mechanical  theory  of 
circulation — Insufficiency  of  simple  mechanical  theory  of  circulation — 
Draper's  physico-chemical  theory  of  circulation — The  physics  of  respiration. 

355.  Ascent  of  Sap  in  Trees. — Compared  with  circulation  in 
animals  that  in  plants  is  the  more  remarkable,  since  it  is  accom- 
plished by  osmotic  action  alone,  without  the  agency  of  a  heart 
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or  other  mechanical  pumping  organ.  In  the  Sequoia  Welling- 
tonia  of  the  Sierra  Nevada,  the  sap  riscB  to  a  height  of  four 
hundred  and  fifty  feet  above  the  ground.  A  giant  Eucalyptus, 
measured  by  G.  Klein,  on  the  Black  Spur  ten  miles  from  Healo 
ville,  in  Australia,  reaches  the  height  of  tour  hundred  and  eighty 
feet,  yet  its  topmost  leaves  are  freely  supplied  with  the  flnidi 
necessary  for  their  nourishment. 

To  comprehend  the  manner  in  which  this  surprising  result  is 
attained,  it  is  necessary  to  examine  briefly  the  structure  of  the 
parts  by  which  it  is  accomplished.  In  exogenous  plants,  or 
those  having  a  true  bark,  the  circulatory  procesB  is  almost  en- 
tirely confined  to  the  new  wood  or  outermost  layer  of  wood, 
called  sapwood  or  alburnum,  and  to  the  inner  layer  of  bark, 
called  the  liber.  At  their  junction  these  constitute  the  so-called 
cambium  layer,  which  consists  of  young  and  forming  cells,  of 
which  the  innermost  are  being  continually  added  to  the  wood, 
and  the  outermost  to  the  bark.  It  is  in  the 
Fib.  143.  wood   cells   that   ascent  of   sap   usually   takes 

place. 

In  his  "Lessons  in  Botany,"  Prof.  Gray  gives 
the  following  description  of  the  wood  cells  or 
fibres.  "These  are  small  tubes,  commonly  be- 
tween one  and  two  thousandths,  but  in  pine- 
wood  sometimes  two  or  three  hundredths  of  an 
inch  in  diameter.  Those  from  the  tough  bark 
of  the  basawood  are  only  the  fifteenth  hun- 
dredth of  an  inch  wide.  Those  of  button  wood 
are  larger.  Fig.  143  also  shows  the  way  wood 
cells  are  commonly  put  together,  namely,  with 
their  tapering  ends  overlapping  each  other — 
spliced  together,  as  it  were — thus  giving  more 
strength  and  toughness  to  the  stem. 

"Wood  cells,  like  other  cells  (at  least  when 
young  and  living),  have  no  opening;  each  has 
its  own  cavity,  closed  and  independent.     They 
W  ^°  not  f°rm  I'iJ'tl'ing  like  a.  set  of  pipes  open- 

\Wj  mS  one  'llto  another,  thus  conveying  an  un- 

■I,'  broken  stream  of  sap  through  the  plant,  in  the 

way  people  generally  suppose.  The  contents 
can  pass  from  one  cell  to  another  only  by  getting 
through  the  partition  in  some  way.  So  short 
are  individual  wood  cells  generally,  that  to  rise 
a  foot  in  a  tree  like  the  basswood,  the  sap  must  pass  through 
about  two  thousand  partitions. 

"  But  although  there  are  no  holes  (except  by  breaking  away 
when  old),  there  are  plenty  of  thin  places  which  look  like  per- 
forations, and  through  these  the  sap  is  readily  transferred  from 
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one  cell  to  another.  Some  of  these  are  exhibited  in  Fig.  143, 
where  A  and  B,  looked  directly  down  upon,  appear  as  dots  or 
holes,  while  in  profile  the  cells  seem  as  though  they  were  cut 
through.  The  latter  view  shows  what  they  really  are,  namely, 
very  thin  places  in  the  thickness  of  the  wall.  A  thin  place  in 
one  cell  exactly  corresponds  to  one  in  the  contiguous  wall  of 
the  next  cell.' ' 

Passing  from  the  stem  to  the  root  the  structure  may  be  re- 
garded as  being  the  same  until  the  root  tips  are  reached.  These, 
according  to  rrof.  Gray,  "  are  entirely  composed  of  soft,  new, 
and  very  thin-walled  cellular  tissue ;  it  is  only  further  back  that 
some  wood  cells  and  ducts  are  found.  The  moisture  (and  prob- 
ably also  air)  presented  to  them  is  absorbed  through  the  delicate 
walls,  which,  like  those  of  the  cells  in  the  interior,  are  destitute 
of  openings  or  sensible  pores." 

Exteriorly,  in  the  air,  plants  terminate  in  leaves;  "  these  con- 
sist of  both  a  woody  and  a  cellular  part.  The  woody  part  is 
the  framework  of  ribs  and  veins;  they  serve  not  only  to 
strengthen  the  leaf,  but  also  to  carry  in  the  ascending  sap,  and 
distribute  it  by  veinlets  throughout  every  part.  The  cellular 
part  is  the  green  pulp  and  is  nearly  the  same  as  the  green  layer 
of  the  bark,  so  that  a  leaf  may  be  properly  enough  regarded 
as  an  expansion  of  the  fibrous  and  green  layers  of  the  bark. 
In  most  leaves  the  green  pulp  forms  two  principal  layers:  an 
upper  one  facing  the  sky,  and  an  under  one  facing  the  ground. 
The  upper  side  is  constructed  to  bear  the  sunshine,  and  if  the 
leaf  is  turned  it  twists  itself  to  enable  the  proper  side  to  receive 
the  light/' 

'*  The  moisture  exhaled  from  the  leaf  escapes  chiefly  from  the 
under  surface,  bv  the  stomata  or  breathing  pores.  Of  these  few 
or  none  are  on  trie  upper  side.  They  are  said  to  vary  from  1000 
to  170,000  to  the  square  inch." 

From  this  it  is  evident  that  "  plants  have  no  general  circula- 
tion (like  that  of  animals,  except  the  lowest)  through  a  system 
of  vessels  opening  into  each  other;  but  in  them  each  living 
cell  carries  on  a  circulation  of  its  own,  at  least  when  young 
and  active.  This  may  be  beautifully  seen  in  the  transparent 
stems  of  chara  and  many  other  water  plants,  and  in  the  leaves 
of  the  fresh  water  tape-grass  (Vallisneria),  under  a  good  micro- 
scope. Here  the  sap  circulates,  often  quite  briskly  in  ap- 
pearance (but  the  motion  is  magnified  as  well  as  the  objects), 
in  a  steaay  stream,  just  beneath  the  wall,  around  each  cell, 
passing  up  one  side,  across  the  end,  down  the  other,  and  so 
round  to  complete  the  circuit,  carrying  with  it  small  particles  or 
the  larger  green  grains  which  make  the  current  more  visible. 
The  movement  belongs  to  the  protoplasm  or  jelly-like  matter 
under  the  cell  wall ;  as  this  substance  has  the  same  composition 
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as  the  flesh  of  animals,  it  is  not  so  strange  that  it  should  exhibit 
animal-like  characters. 

"  Although  contained  in  cells  with  closed  walls,  nevertheless 
the  fluids  taken  in  by  the  roots  are  carried  up  through  the  stem 
to  the  leaves  of  the  topmost  bough  of  the  tallest  tree.  What 
makes  it  ascend  to  the  leaves  ? 

"To  anwer  this  question,  we  must  look  to  the  leaves  and  con- 
sider what  is  going  on  there.  For  (however  it  may  be  in  the 
spring  before  the  leaves  are  out),  in  a  leafy  plant  or  tree  the  sap 
is  not  forced  up  from  below,  but  is  drawn  up  from  above.  Water 
largely  evaporates  from  the  leaves;  it  flies  off  into  the  air  as 
vapor,  leaving  behind  all  earthy  and  organic  matters — these 
not  being  volatile — the  sap  in  the  cells  of  the  leaf  becomes 
denser,  and  draws  upon  the  more  watery  contents  of  the  cells  of 
the  stalk,  these  upon  those  of  the  stem  below,  and  so  on  from 
cell  to  cell  down  to  the  root,  causing  a  flow  from  the  roots  to 
the  leaves  which  begins  in  the  latter,  just  as  a  wind  begins  in 
the  direction  towards  which  it  blows'*  (662). 

The  process  of  absorption  and  circulation  we  have  here  de- 
scribed, though  simple  in  its  nature  and  free  from  any  complica- 
tion of  muscular  action,  like  that  existing  in  the  systems  of 
animals,  is  nevertheless  wonderfully  energetic.  No  animal  offers 
the  resistance  to  the  elevation  of  fluid  that  plants  present,  yet 
the  movement  of  their  fluids  is  not  more  regular  than  that  found 
in  the  loftiest  plants.  In  such  plants  the  principles  of  osmosis 
as  presented  by  the  root-tips,  and  actions  of  chemism  in  the 
leaves,  suffice  to  carrv  on  the  difficult  circulation.  Surelv  the 
action  of  such  potent  forces  should  not  be  overlooked  in  investi- 
gating these  phenomena  in  animals. 

366.  Absorption  in  Animals  is  three-fold  in  its  nature.  1st,  by 
veins  or  bloodvessels:  2d,  bv  Ivmphatics:  3d,  bv  the  villi  on  the 
intestinal  walls  which  deliver  the  fluid  material  or  chyle  into 
the  laeteals.  For  the  differences  in  character  of  the  material 
absorbed  in  these  three  cases,  we  must  refer  to  works  on  physi- 
ology. The  point  we  desire  to  emphasize  in  connection  there- 
with is  this: 

Whether  the  absorption  by  root-tip.  bloodvessel,  lymphatic, 
or  villus,  be  osmotic  or  dialytie.  it  matters  but  little:  so  long  as 
there  are  no  chemical  changes  in  medium  or  fluid  both  actions 
are  molecular  movements,  the  only  difference  being  that  in 
the  one,  movement  occurs  through  sensible  pores,  and  in  the 
other,  through  physical  pores  or  intennolecular  spaces.  The 
actions  we  witness  in  a  capillary  tube  of  sufficient  diameter  mav 
be  regarded  as  merely  visible  molar  representations  of  what  is 
taking  place  on  the  invisible  molecular  scale,  both  in  osmosis 
through  membranes  and  in  diaiy>is.     To  so  great  an  extent  is 
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Axis  true  that  many  group  all  these  phenomena  together,  and 
&peak  of  them  as  phenomena  of  capillarity,  including  both 
visible  or  sensible  and  physical  or  molecular  interstices  under 
the  term  capillary. 

357.  Harvey's    Mechanical    Theory   of   the   Circulation. — This 

explanation  of  the  circulation  of  the  blood  was  introduced  by 

Dr.  Harvey,  more  than  two  hundred  and  fifty  years  ago.     It  is 

based  upon  the  existence,  actions,  and  relations  of  the  valves  of 

the  heart  and  veins.     It  conceives  that  the   phenomena  are 

purely  mechanical,  the  heart  driving  the  blood  through   the 

arteries  to  the  capillaries  into  the  veins,  and  so  back  through 

the  veins  to  the  heart. 

By  this  theory  the  heart  is  supposed  to  act  after  the  fashion  of 
a  simple  force-pump,  the  only  other  force  brought  into  play 
being  the  muscular  and  elastic  coats  of  the  vessels. 

To  account  for  the  peculiarities  in  the  capillary  circulation, 
the  action  of  nerves  upon  the  muscular  walls  of  the  minute 
arteries  is  admitted  by  modern  physiologists,  but  further  than 
this  the  majority  have  been  unwilling  to  go,  and  yet  with  this 
addition  Harvey's  explanation  is  by  no  means  satisfactory  when 
submitted  to  a  careful  and  critical  examination.  It  is  good  as 
far  as  it  goes,  but  it  does  not  meet  all  the  circumstances  even  of 
the  simplest  condition  of  the  case. 

358.  InsnflLeiency  of  the  Simple  Mechanical  Theory  of  Circula- 
tion.— 1st.  The  phenomena  of  transpiration  (338,  4th}  show 
that  considerable  force  is  required  to  drive  the  blood  tn rough 
such  narrow  channels  as  the  capillaries,  unless  these  vessels 
themselves  assist  the  movement. *  In  attempting  to  make  minute 
injections  after  death,  and  when  all  traces  of  rigor  mortis  have 
passed  away,  the  anatomist  finds  it  very  difficult  to  avoid  rupture 
of  the  capillaries.  The  increase  in  resistance  of  minute  vessels 
to  the  establishment  of  flow  under  pressure,  is  as  the  fourth 
power  of  their  diameters.  The  significance  of  this  is  not  recog- 
nized until  a  calculation  is  made  for  a  given  case. 

2d.  In  plants  the  circulation  is  more  extraordinary  than  in 
animals,  yet  they  have  no  heart  nor  any  substitute  therefor. 
Neither  do  they  have  a  nervous  system  to  regulate  contractions 
of  the  walls  of  their  vessels.  Osmosis  in  their  cells  and  rootlets, 
and  chemism  in  their  leaves,  suffice  to  overcome  resistances 
amouuting  sometimes  to  more  than  fifteen  atmospheres  of 
pressure. 

3d.  In  the  lower  types  of  animal  creation  there  is  often  an 
energetic  circulation  without  a  heart.  Even  in  insects,  the 
highest  of  invertebrates,  a  dorsal  vessel,  as  it  is  called,  which 
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has  but  the  feeblest  muscular  power,  is  frequently  all  the  apology 
that  can  be  found  tor  a  heart. 

4th.  The  lowest  of  vertebrates,  the  lancelet  or  amphioxus, 
does  not  possess  a  heart.  The  only  substitute  for  it  is  a  large 
bloodvessel  resembling  the  dorsal  vessel  of  invertebrates. 

5th.  In  fishes  there  is  no  systemic  heart.  Sluggish  as  their 
circulation  is,  it  is  hardly  possible  to  imagine  that  their  pulmo- 
nary heart  drives  the  blood  through  both  pulmonic  and  systemic 
capillaries  against  all  the  obstacles  that  two  sets  of  transpira- 
tion resistances  offer. 

6th.  Even  after  the  heart  is  exsected,  circulation  is  said  to 
continue  in  the  capillaries  for  a  brief  period  of  time. 

7th.  In  instances  where  twin  monsters  have  gone  well  on 
to  full  period,  and  one  happens  to  be  acardiac,  yet  otherwise 
well  developed,  there  has  been  circulation  without  a  heart. 

8th.  In  the  human  adult  the  portal  circulation  is  without  a 
heart,  yet  during  absorption  of  digested  food  into  the  general 
circulation  it  returns  more  fluid  than  it  receives. 

9th.  In  the  kidney  there  is  also  a  minute  portal  circulation 
between  the  vessels  of  the  convoluted  tubes  and  the  Malpighian 
tufts.     This  has  no  propelling  vessel  like  a  heart  attached  to  it 

10th.  The  flow  in  capillary  vessels  is  often  continuous  and 
free  from  pulsation,  sometimes  it  undergoes  retrogression,  pass- 
ing backwards  from  arteries  to  veins.  This  is  against  the  action 
of  the  heart. 

11th.  After  death  the  arteries  are  practically  emptv.  It  is 
very  difficult  to  conceive  that  the  heart  alone  could  produce  any 
such  results  as  this.  If  we  admit  that  the  capillaries  have 
any  action  in  carrying  on  the  circulation,  the  explanation  is  then 
a  very  simple  matter. 

369.  Draper' 8  Physico-chemical  Theory  of  Circulation. — To  over- 
come the  incompetency  of  the  simple  mechanical  hypothesis  to 
meet  these  objections,  a  theory  based  on  molecular  forces  and 
chemism  was  advanced  by  my  father,  Prof.  J.  W.  Draper,  in  his 
"Human  Physiology/'  published  in  1858.  In  this,  the  function 
of  the  heart  in  tilling  the  great  and  small  arteries  is  fully  ad- 
mitted, but  it  is  confined  to  that  duty.  The  chief  seat  of  the 
circulatory  force  is  located  in  the  systemic,  pulmonic,  and  other 
capillaries.  Just  as  in  plants,  it  originates  in  the  changes  taking 
place  in  the  leaves. 

In  the  systemic  vessels  there  is  a  fluid  containing  cells  charged 
with  oxygen,  and  losing  it  to  the  surrounding  parts,  the  condi- 
tions explained  in  (354)  exist.  Circulation  of  the  contained 
fluid,  he  maintains,  must,  therefore,  of  necessity  take  place. 

In  the  pulmonic  circulation,  the  conditions  are  merely  changed 
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or  reversed;   the  prime  cause  in  that  case  is  affinity  of  the 
oxygen  of  the  air  cells  for  the  haemoglobin  of  the  discs. 

So  also  in  the  portal  and  renal  double  capillary  circulations, 
the  explanation  is  found  in  the  chemical  relations  existing  be- 
tween the  blood  and  the  cells  of  the  organ  through  which  it  is 
flowing. 

It  is  interesting  to  note  how  those  who  will  not  admit  this 
simple  and  all  sufficient  theory,  so  consonant  with  modern  ideas, 
become  involved  in  self-contradictions  and  obscurity.  Take, 
for  example,  "Flint's  Physiology,"  on  page  294  of  the  volume 
on  circulation,  he  says:  "It  is  unphilosophical  to  invoke  the  aid 
of  currents  produced  in  capillary  tubes  in  which  liquids  of  dif- 
ferent characters  are  brought  in  contact,  or  a  'capillary  power' 
dependent  upon  a  vital  nutritive  attraction  between  the  tissues 
and  the  blood." 

On  page  219,  he  is  compelled  by  the  facts  to  uphold  the  very 
doctrine  to  which  he  objects  on  page  294,  for  he  says:  "The 
distention  of  the  heart  in  asphyxia  is,  therefore,  due  to  the  fact 
that  the  wiaerated  blood  cannot  circulate  in  the  systemic  capillaries" 
Why?  Evidently  because  it  has  lost  its  normal  affinity  for  the 
vessels  and  tissues,  and,  therefore,  cannot  move,  since  it  now 
fells  under  the  influence  of  the  laws  of  transpiration. 

So  also  in  "  Foster's  Physiology,"  page  172,  when  speaking 
of  the  stasis  preceding  inflammation,  he  says:  "It  must,  there- 
fore, be  due  to  some  new  and  unusual  resistance  occurring  in 
the  capillary  area  itself.  The  increase  of  resistance  is  not  caused 
by  any  change  confined  to  the  corpuscles  themselves,  for  if  after 
a  temporary  delay  one  set  has  managed  to  pass  away  from  the 
inflamed  area,  the  next  set  is  subjected  to  the  same  delay.  The 
cause  of  the  resistance  must,  therefore,  lie  in  the  capillary  walls, 
or  in  the  tissues  surrounding  them,  or,  to  speak  more  correctly, 
to  depends  on  a  disturbance  of  the  relations  which  in  a  healthy  area 
subsist  between  the  blood  in  the  capillaries,  on  the  one  hand,  and  the 
capillary  walls  with  the  tissues  of  which  they  are  a  part,  on  the  other.'9 

While  treating  of  the  causes  of  circulation,  no  active  part  is 
assigned  by  Foster  to  the  capillaries,  beside  that  of  being  mere 
channels.  When  endeavoring  to  explain  phenomena  of  inflam- 
mation, disturbance  in  the  relations  of  the  blood  to  the  walls 
of  the  vessels  is  allowed,  being  unavoidable.  Clearly  the  dis- 
turbance here  admitted,  acknowledges  preexisting  local  con- 
ditions, which  carried  on  the  circulation,  but  have  been  inter- 
fered with  and  placed  in  abeyance. 

Verification  of  Prof.  Draper's  explanation  of  the  circulation 
of  the  blood  is  to  be  found  in  the  unavoidable  admissions  of 
those  who  oppose  it.  What  better  proof  of  its  truth  could  be 
demanded? 
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360.  The  Physics  of  Respiration. — In  (188)  the  mechanical  por- 
tion of  the  respiratory  act  has  been  described.  By  it  air  is 
introduced  as  far  as  the  smaller  bronchi,  just  as  in  the  circula- 
tion of  the  blood  the  mechanical  force  suffices  to  deliver  blood 
to  the  capillary  bloodvessels.  At  this  point  in  both  systems,  the 
actions  become  physical,  and  belong  to  the  province  of  molecular 
forces  and  motions. 

Even  in  bronchi  of  moderate  size,  the  principle  of  simple 
diffusion  of  gases  (343)  is  resorted  to,  and  an  exchange  accom- 
plished between  the  oxygen  of  the  atmosphere  and  the  impure 
gas  of  the  air  cells.  For  the  interchange  of  the  gas  of  the  cell* 
with  the  carbonic  acid  gas  in  the  blood,  the  principles  of  diffu- 
sion through  barriers  and  of  solution  in  fluid  are  Drought  intc 
play.  The  union  of  oxygen  with  the  haemoglobin  of  the  discs 
we  may  regard  as  an  action  of  chemism. 

Returning  to  the  lungs,  the  changes  which  take  place  consist 
in  the  elimination  of  carbonic  acid  gas,  vapor  of  water,  and 
other  bodies.  The  stages  here  are  the  same  as  for  the  introduc 
tion  of  oxygen,  but  occur  in  reverse  order.  For  a  detailed  de- 
scription of  these  the  student  is  referred  to  any  modern  text- 
book on  physiology.  Our  purpose  has  been  simply  to  show  the 
direction  in  which  the  principles  we  have  been  studying  are 
applied,  and  the  necessity  for  some  knowledge  on  the  part  oi 
physicians  regarding  them. 


SECTION  V. 
ACOUSTICS. 


CHAPTER   XL 

VIBRATIONS  AND  UNDULATIONS. 

Definition  and  province  of  acoustics— Vibrations  described — Relations  of  vibra- 
tions and  undulations — Transverse  vibrations — Longitudinal  vibration? — 
Circular  or  elliptical  vibration — Undulations  and  their  graphic  representation 
— Undulations  in  Bpace— Undulations  in  tubes — Reflection  of  waves — Inter- 
ference of  waves. 

361.  Definition  and  Province  of  Acoustics. — The  term  is  derived 
trora  a  Greek  word  signifying  to  hear ;  it  includes  the  study  of 
sounds  in  all  forms  in  which  they  are  appreciable  by  the  ear, 
and  of  vibrations  in  elastic  bodies  by  which  sound  is  produced. 

Music  treats  of  sound  in  relation  to  the  pleasure  it  affords. 
Acoustics  deals  with  the  manner  of  production,  propagation, 
perception,  and  comparison  of  sounds. 

All  sounds  originate  in  impulse,  or  in  vibrations  of  the  par- 
ticles of  elastic  bodies,  which  generally  reach  the  ear  through 
the  medium  of  undulations  in  the  air.  We  shall,  therefore,  in 
the  first  place  inquire  into  the  characters  and  varieties  of  vibra- 
tions ana  undulations. 

382.  Vibrations  Described. — Vibrations  may  be  defined  as  rapid 
Movements  of  oscillation,  similar  in  many  respects  to  the  move- 
ment of  a  pendulum  (305). 

It  may  be  illustrated  by  the  arrangement  Fig.  144,  in  which 
°pe  end,  C,  of  a  long  steel  spring  is  gripped  in  the  jaws  of  a 
^ee,  A.  The  free  end  of  the  spring  D  is  then  drawn  to  one 
9>de  to  D' ;  on  being  released,  its  elasticity  carries  the  free  end 
jfcck  to  D,  but  the  Kinetic  energy  it  has  gained  in  movement 
is  so  great  that  it  passes  on  to  D"  before  it  comes  to  rest. 
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Here  potential  energy  being  at  the  maximum,  the  free  ex- 
tremity is  carried  back  to  D,  and  by  kinetic  energy  to  D',  and 
so  on.  Each  movement  becomes  less  and  less,  as  in  tbe  case  of 
the  pendulum,  and  finally  ceases,  its 
Fro.  144.  energy  having  been  consumed  in  friction 

d'  d    o"  with  the  air. 

The  movement  of  tbe  extremity  of 
the  apring  from  D'  to  D"  or  from  D" 
to  IV,  is  called  a  single  vibration  by  the 
French.  The  English  and  Germans 
call  a  vibration  the  movement  from  D' 
to  D"  and  back  again  to  D'.  The 
vibration  of  the  French  system  is, 
therefore,  a  semi  -  vibration  of  the 
English  system.  The  English,  as  com- 
pared with  the  French,  is  a  double  or 
complete  vibration. 

The  time  occupied  in  executing  a 
complete  vibration  is  called  the  period 
of  vibration. 

The  amplitude  of  a  vibration  in  any 
part  of  the  spring,  is  tbe  distance  from 
the  middle  position  to  either  of  its 
extreme  positions. 

A  moment's  observation  shows  that 
while  the  amplitude  of  vibration  for 
different   parts  of  the   spring   is  very 


ariable,  the   period   for  each  part  is 
ism  the  spring  resembles  the 


the  same.     In  respect  to  isoch 
pendulum. 

363.  Relatione  of  Vibrations  and  Undulations. — If  one  taps  with 
the  finger  upon  a  surface  of  still  water  in  a  large  vessel  a 
wave-like  or  undulatorv  movement  of  the  surface  of  the  liquid 
is  produced,  which  originating  at  the  point  where  the  finger 
touches  passes  outwards  to  the  borders  of  tbe  vessel.  The 
tapping  or  vibrating  movement  appears  to  be  distinct  from  the 
wave-like  or  undulatorv  motion  ;  while  the  vibration  is  in  a 
vertical,  the  undulation  is  in  a  horizontal  plane.  The  molecules 
of  the  liquid  seem  to  pass  in  the  direction  of  the  wave  move- 
ment, yet  this  is  not  tbe  case,  as  may  bo  readily  proved. 

Place  a  cork  or  chip  upon  the  surface  of  water  in  a  pond ; 
drop  a  pebble  into  the  water  at  a  distance  of  about  five  feet 
from  the  chip.  The  water  at  the  point  of  impact  is  thrown 
into  a  vibratory  motion  as  in  the  tapping  experiment.  Undu- 
lations originate  at  this  point  and  pass  in  u  succession  of  circle? 
to  the  shore,  whore  thov  break  and  are   lost.     As  each  wave 
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reaches  the  chip  the  latter  is  not  driven  forward,  but  simply  rises 
and  falls  in  a  vertical  plane.  The  chip  can  only  move  as  the 
molecules  of  water  move.  Since  it  moves  in  a  vertical  plane, 
it  follows  that  the  actual  movement  of  the  water  molecules  is 
also  in  a  vertical  plane,  exactly  as  it  was  in  the  vibration  which 
originated  the  wave  motion. 

From  the  above  facts,  it  is  evident  that  the  relations  of  vibra- 
tions and  undulations  are  as  follows :  1st.  Undulations  originate 
in  a  vibratory  movement  in  a  medium.  The  vibration  is  the 
cause,  the  undulation  an  effect.  2d.  The  passage  of  vibra- 
tions along  the  medium  gives  to  the  latter  the  wave-like  or 
andulatory  condition.  3d.  While  the  vibratory  movement  is 
of  very  slight  extent,  the  undulation  may  pass  over  considerable 
distances.  4th.  In  undulations  it  is  the  form  only  that  advances, 
not  the  molecules  or  particles  (130).  The  undulation  is  translated 
motion,  not  translated  matter. 

364.  Transverse  Vibrations. — Vibrations  may  take  place  in 
different  ways.  The  first  of  these  is  where  they  are  at  right 
angles  or  vertical  to  the  course  of  the  waves.  Such  are  called 
transverse.  In  waves  on  water  they  approach  this  character, 
though,  as  we  shall  see  later  on,  they  are  much  more  complex 
than  they  at  first  appear  to  be  (366). 

A  good  illustration  of  transverse  vibration  is  afforded  by 
attaching  one  end  of  a  long  chain  to  a  suitable  support,  and  then 
holding  it  tolerably  tense  at  the  other.    On  moviug  the  hand  up 


Fio.  14/ 


i). 


JSS^^/^      ^V>ooo* 


TruiiHViTKf  vibration. 


and  down,  each  link  of  the  chain  takes  on  the  up  and  down 
movement  imparted  by  the  hand  to  the  first  link,  and  a  wave- 
like motion  passes  along  the  chain  to  the  attached  end.  A  long 
cord  or  rubber  tube  filled  with  sand  may  be  used ;  in  each  case 
the  particles  move  transversely,  only  the  wave  form  advances. 

366.  Longitudinal  Vibrations. — In  (303),  transmission  of  a  com- 
pression impulse  along  a  rod  was  illustrated,  and  the  manner 
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of  transmission  described  by  a  series  of  suspended  balls.  As  the 
action  is  along  the  length  of  the  rod,  or  series  of  balls,  it  is 
called  longitudinal.  As  we  have  longitudinal  impulse,  so  we 
have  longitudinal  vibration,  in  which  impulse  after  impulse  is 
imparted  to  molecule  after  molecule  of  the  rod,  each  molecule 
swaying  backwards  and  forwards,  but  moving  through  an  in- 
finitely minute  distance  compared  with  that  traversed  by  the 
wave. 

The  transmission  of  longitudinal  vibration  may  be  admirably 
imitated  by  means  of  the  brass  spiral.  This  consists  of  a  brass 
wire,  about  one-fortieth  of  an  inch  in  diameter,  coiled  in  a 
close  spiral  one-half  inch  in  diameter  and  thirty  feet  long. 
Fasten  one  end  of  the  coil  to  a  firm  support,  then  holding  it 
taut  in  the  left  hand,  with  the  thumb  and  index  finger  of  the 
right,  nip  the  spiral  about  ten  inches  from  the  left  hand,  and 
draw  that  turn  of  the  spiral  towards  the  left  hand.  In  this  way 
the  first  sixty  or  one  hundred  turns  of  the  spiral  are  drawn 
closer  together  or  compressed.  Suddenly  releasing  the  spiral 
from  the  finger  and  thumb  of  the  right  hand,  a  wave-like  move- 
ment of  compression  followed  by  relaxation  passes  along  the 
spiral  to  the  fixed  extremity.  In  the  passage  of  the  wave  each 
turn  or  coil  of  the  spiral  oscillates  or  vibrates  forward  and  back- 
wards through  a  very  slight  extent,  but  the  wave  form  of 
compression  and  relaxation  passes  throughout  the  extent  of  the 
coil. 

As  in  the  spiral  coil,  we  see  a  wave  of  compression  and  relax- 
ation passing  along  the  spiral,  so  in  all  longitudinal  vibration  a 
similar  wave  of  compression  and  rarefaction  is  produced. 

366.  Circular  or  Elliptical  Vibration. — Reference  has  been  made 
to  the  fact,  that  in  waves  upon  water,  though  movement  of  the 
particles  appears  to  be  simply  up  and  down,  it  is  quite  complex. 
Regarding  this,  Prof.  Weiuhold  says: 

Careful  experiments  have  shown  that,  when  a  uniform  series 
of  waves  follow  each  other  along  the  surface  of  water,  the 
particles  of  liquid  which  are  disturbed  by  them  move  in  ellip- 
tical or  circular  paths,  and  that  hence  each  particle  returns 
again  to  the  point  from  which  it  started,  while  the  onward 
motion  of  the  whole  wave  is  due  to  the  fact  that  each  liquid 
particle  commences  its  motion  somewhat  later  than  the  pre- 
ceding one. 

Fig.  146  is  intended  to  illustrate  the  formation  of  waves  by 
the  circular  motion  of  individual  particles  of  water.  For  sake 
of  clearness,  only  a  few  particles  are  represented  in  the  figure, 
those  shown  being  bo  far  apart  that  each  one  begins  to  move 
when  the  preceding  one  has  completed  the  twelfth  part  of 
its  circular  motion;  the  portion  of  its  path  which  each  particle 
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lias  already  described  at  the  instant  to  which  each  figure  cor- 
responds is  shown  by  the  dotted  curves.  A  represents  the 
surface  after  the  particle  0  has  moved  through  one-twelfth  of 
a  circle;  B  after  0  has  moved  through  two-twelfths  and  the 
i>;irticle  1  through  one-twelfth  of  a  circle.  In  C  the  particle  0 
has  passed  through  three-twelfths,  or  one-fourth  of  the  circle; 
in  D  it  has  described  a  semi-circle;  and  in  E  it  has  returned  to 
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*  original  place.  If  only  a  single  wave  passes,  each  particle 
">fiics  to  rest  after  describing  a  circle.  ¥  represents  the  surface 
*t  the  moment  when  the  wave  has  moved  onward  through  half 
it*  whole  length  further  than  it  waa  in  E;  and  if  there  are  suc- 
cessive waves,  each  particle  repeats  its  motion,  as  shown  in  G. 

B?  means  of  the  spiral  coil  all  forms  of  vibration  we  have 
"'usi.lered  may  be  illustrated  and  undulations  produced.  In 
'■^■ular  vibration,  the  hand  is  moved  in  a  small  circle;  in  ellip- 
tical, in  an  ellipse. 

367.  Undulations  and  their  Graphic  Representation. — Deschanel 
**ys:  "An  undulation  may  be  defined  as  a  system  of  ruove- 
fllwits  in  which  several  particles  move  to  and  fro,  or  round  and 
r°und,  about  definite  points,  in  such  a  manner  as  to  produce 
Y'ntinued  onward  transmission  of  a  condition,  or  series  of  con- 
'iili.-.ns.'" 

The  terms  employed  in  connection  with  vibrations,  as  ampli- 
W*,  etc.,  are  also  used  in  the  case  of  waves.  See  131,  for  wave 
Measurements. 
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Undulations  may  be  divided  into  three  groups:  1st.  Those 
produced  by  transverse  vibrations;  2d.  Those  by  longitudinal 
vibrations ;  and,  3d.  Those  by  circular  or  elliptical  vibrations. 
Each  of  these  necessarily  imparts  special  characters  to  the  undu- 
lations it  produces. 

The  graphic  representation  of  undulations  is  thus  briefly 
described  by  Ganot :  Draw  a  line  of  indefinite  length  and  mark 
oft'  A  H,  Fig.  147,  to  represent  the  time  of  one  half-vibration, 
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Graphic  rvproattntatlofi  of  velocity  of  o*t*ilUting  t«N]y. 

II  II'  to  represent  the  time  of  the  second  half-vibration,  and  so 
on.  During  the  first,  velocity  increases  from  zero  to  a  maxi- 
mum at  the  half  vibration,  and  then  decreases  during  the  teeond 
from  the  maximum  to  zero.  Consequently,  a  curved  line  or  arc, 
A  O  H,  may  be  drawn,  whose  ordinate  O  M  at  any  point  O  will 
represent  the  velocity  of  the  body  at  the  time  represented  by 
A  M.  If  a  similar  curved  line  or  arc  II  P  II'  be  drawn,  the 
ordinate  P  X  of  anv  point  P  will  represent  the  velocity  at  a 
time  denoted  by  A  ^T.  But  since  the  direction  of  the  velocity  in 
the  second  oscillation  is  contrary  to  that  in  the  first,  the  ordinate 
X  P  must  be  drawn  in  the  contrary  direction  to  that  of  M  O. 
If,  then,  the  curve  be  continued  by  a  succession  of  equal  arcs 
alternately  on  opposite  sides  of  A  D,  the  variations  of  velocity  of 
the  vibrating  body  will  be  completely  represented  by  the  varying 
magnitudes  of  the  onlinates  of  successive  points  of  the  curve. 

368.  Undulations  in  Space. — If  we  examine  the  circles  of  waves 
produced  on  water  when  a  pebble  is  dropped  therein,  we  find 
that  the  altitude  of  each  circular  wave,  or  the  amplitude  of 
vibration  of  its  particles  becomes  loss  as  we  pass  outwards  from 
the  centre  or  point  of  origin.  This  was  to  be  expected  as  a 
necessary  consequence  of  diffusion  over  a  greater  space  of  the 
enerirv  which  originated  them. 

What  we  see  taking  place  on  the  surface  of  water  is  an  indi- 
cation of  what  occurs  in  the  case  of  undulations  in  air.  In 
the  latter  instance,  since  movement  is  equally  free  in  all  direc- 
tions, the  waves  pass  out  from  the  centre  of  disturbance  as 
spheres  of  compression,  produced  in  the  manner  described  under 
longitudinal  vibration  (^ >.">).  Hence  the  energy  initiating  them 
IS  of  neeessit  v  rapidly  diffused  over  the  ever-increasing  sjmce,  and 
jhe  amplitude  of  vibration  of  the  particles  steadily  diminished. 
[.,  The  power  of  air  to  transmit  impulse,  and  also  diminution 
F;Of  the  violence  of  the  same,  with  increased  distance  from  the 
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point  of  origin,  were  well  shown  by  the  explosion  of  five  tons  of 

Knpowder  in  Regent's  Park,  London,  in  1874.  The  walls  of 
uses  were  seriously  damaged  at  a  distance  of  four  hundred 
yards.  Windows,  doors,  and  ceilings  were  broken  at  six  hun- 
dred yards.  Concussion  was  distinctly  felt  at  two  miles,  and  the 
sound  reached  Waltham,  fifteen  miles  away. 

369.  Undulations  in  Tubes. — In  the  propagation  of  undulations 
in  tubes,  the  loss  is  not  so  rapid  as  in  open  space.  This  may  be 
easily  demonstrated  by  producing  waveB  in  a  long  open  trough  of 
water  the  sideB  of  which  are  vertical,  smooth,  and  not  very  far 
apart;  under  these  conditions  the  waves  preserve  their  altitude 
with  very  little  diminution  throughout  the  length  of  the  trough. 
To  make  the  manner  of  propagation  as  clear  as  possible,  sup- 
pose that  M  X,  Fig.  148,  represents  a  tube  filled  with  air,  and 


I'  a  piston  oscillating  therein.  When  the  piston  moves  from 
A  to  a,  the  air  in  the  tube  is  condensed.  By  virtue  of  its  elas- 
ticity it  is  not  compressed  throughout  its  whole  length  at  once, 
I'M  only  within  the  distance  A  II.  This  is  called  the  condensed 
wive. 

Imagine  the  tube  to  be  divided  into  lengths  equal  to  A  II, 
B"d each  of  these  into  layers  parallel  to  the  face  of  the  piston. 
When  the  first  layer  of  A  H  ceases  to  move  the  first  layer  of 
'lie  second  wave  ft  H'  moves,  and  so  on  through  the  layers  of 
llie  remaining  divisions  or  waves.  The  compressed  wave  thus 
Evinces,  its  parts  moving  in  succession  with  equal  velocity  and 
condensation. 

By  return  of  the  piston  in    the  direction  a  A,  a  vacuum  is 

produced,  and  the  layer  in  contact  with  its  face  is  rarefied.     As 

u'*s  the  case  with  the  condensed  wave,  a  rarefied  wave  passes 

■bog  the  tube  of  the  same  length  as  the  condensed  wave,  and 

•Ay  following  it. 

The  condensed  and  expanded  wave,  taken  together,  form  a 
complete  undulation.  As  the  vibrations  are  more  rapid  the 
undulations  are  shorter. 

During  transmission  of  undulations  through  a  medium,  any 
two  particles  are  in  the  same  phase  when  they  move  with 
like  velocities  in  similar  directions.  "When  they  move  with 
euual  velocities  in  opposite  directions  thej   are  said  to  be  in 
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opposite  phases.  Separation  by  a  whole  wave  length  produce* 
motions  in  the  same  phase ;  separation  by  half  a  wave  length 
produces  phases  in  opposite  directions. 

In  transmission  of  waves  along  a  tube,  there  is  not  tbe  same 
lose  as  in  the  case  of  spherical  waves,  since  the  force  or  energy 
is  confined  within  equal  limits  and  not  allowed  to  diffuse  itself 
over  a  great  extent  of  space. 

370.  Keflection  of  Waves. — When  circular  waves  on  the  surface 
of  water  meet  a  resisting  medium  which  presents  •  plane  sur- 
face, tbe  undulations  undergo  reflection  according  to  the  law  of 
reflection  (304),  and  pass  backwards  from  the  reflecting  surface. 

Let  a  system  of  water  waves  originate  at  O,  Fig.  149,  their 

Fig.  US). 


crests  and  depressions  being  represented  by  the  full  and  dotted 
circles.  On  meeting  tbe  plane  surface  they  are  reflected  in  the 
manner  indicated,  the  second  system  of  circles  having  their 
centre  at  O',  the  same  distance  from  the  plane  surface  as  O,  bnt 
on  tbe  opposite  side.  An  observer  placed  at  M  will  refer  the 
wave  reflected  from  I,  to  O'  as  its  point  of  origin. 

371.  Interference  of  Waves. — Suppose  two  equal  systems  of 
water  waves.  Fig.  150,  A,  one  represented  by  the  continuous 
and  the  other  by  dotted  lines.  When  they  meet  at  M  with  crests 
corresponding  to  crests,  and  troughs  to  troughs,  the  wave  height 
of  the  combined  system  will  be  increased,  as  at  M  M. 

If,  on  the  contrary,  tbe  waves  meet,  or  interfere  as  delineated 
at  B,  the  crests  of  the  dotted  system  fitting  into  the  troughs 
of  the  other  system,  they  will  mutually  destroy  each  other  and 
smooth  water  will  result. 
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In  the  experiment  described  in  the  preceding  article,  where  a 
system  of  circular  waves  is  reflected  from  a  plane  surface,  the 
effects  of  interference  are  well  illustrated.  As  the  incident  and 
reflected  systems  meet,  every  variety  of  conditions  arise.    In 
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Interference  of  wave*. 


some  positions  the  waves  are  seen  surmounting  each  other  and 
producing  increased  wave  height;  in  others  neutralizing  and 
restoring  the  original  level  of  the  water.  In  the  approach  of  a 
steamboat  to  her  dock,  these  interferences  of  wave  systems  may 
be  seen  to  perfection,  as  the  waves  from  the  paddle-wheel 
undergo  reflection  from  the  sides  of  the  pier. 
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floise  and  sound — Origin  of  sound — Sounds  from  inanimate  nature — Propagation 
of  sound — Manner  of  propagation  of  sound — Dissipation  of  sound — Con- 
duction of  sound — The  stethoscope  and  auscultation — Velocity  of  sound  in 
gases — Velocity  of  sound  in  liquids — Velocity  of  sound  in  solids — Reflection 
of  sound  from  plane  surfaces — Reflection  of  sound  from  curved  surfaces — 
Refraction  of  sound — Polarization  of  sound. 

372.  tfoise  and  Sound. — It  is  not  easy  to  draw  a  sharp  line  of 
distinction  between  noise  and  sound.  We  may,  however,  say 
that  by  noise  we  understand  either  brief  vibration,  or  impulse, 
like  the  discharge  of  a  cannon;  or  a  mixture  of  discordant 
sounds,  like  the  passage  of  a  carriage,  the  rolling  of  thunder. 

A  true  sound,  or  a  musical  sound,  on  the  contrary,  is  more  or 
less  sustained  and  continued,  and  euphonious  or  well-sounding. 
Its  valuation  or  rate  of  vibration  is  fixed  and  uniform,  and  easily 
determined. 
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373.  Origin  of  Sound.— In  (361)  it  is  stated  that  all  sound* 
originate  in  impulse,  or  in  vibrations  of  the  particles  of  elastic 
bodies.     Of  this  we  offer  proof. 

Vibrations  may  be  caused  either  by  shock,  or  by  friction,  as 
with  the  bow  of  a  violin  or  the  tremulous  movements  of  reeds 
(393).  Any  substance  which  may  be  made  to  produce  sound 
is  called  a  sonorous  body. 

The  existence  of  vibration  during  the  emission  of  sound  may 
be  shown  by  the  experiment,  Fig.  151,  in  which  a  bell  jar  is 

Fig   1JS1. 


Vibration  an«l  Hound. 


held  horizontally  in  the  manner  indicated,  and  struck  with  a 
small  wooden  mallet.  If  while  still  Bounding  a  little  piece  of 
metal  is  tossed  into  the  interior,  it  is  thrown  into  rapid  motion 
by  oscillations  of  the  jar.  Placing  the  hand  upon  the  jar  these 
may  be  felt,  though  contact  causes  them  to  cease. 

In  illustration  of  vibration  by  the  spring  and  vice,  Fig.  144, 
while  the  spring  projects  for  a  considerable  distance  vibra- 
tions are  perceptible  to  the  eye,  and  a  low  humming  sound  is 
produced.  On  lowering  the  spring  in  the  vice,  as  it  becomes 
shorter  the  rate  of  oscillation  grows  more  rapid,  and  the  sound 
more  shrill.  At  last,  when  a  very  short  portion  of  the  spring 
projects,  the  movements  are  so  small  in  extent,  and  brief  in 
duration,  that  the  eye  fails  to  perceive  them,  though  they  can 
still  be  detected  bv  the  ear  and  sense  of  touch. 

In  the  course  of  the  above  experiment,  since  sounds  of  many 
degrees  have  been  obtained,  and  in  every  case  attended  by  vibra- 
tion, we  conclude  that  all  sounds  take  their  origin  in  oscillations 
of  the  molecules  of  bodies. 

374.  Sounds  from  Inanimate  Nature. — Setting  aside  the  crash 
and  rolling  of  thunder,  the  rumble  of  an  earthquake,  the  ex- 
plosive discharge  of  volcanoes,  the  splashing  and  roar  of  water, 
it  may  be  said  that  the  sounds  produced  by  inanimate  nature 
take  their  origin  in  the  movements  of  winds.  These  often  throw 
various  objects  into  vibratory  movement.  All  who  live  in  the 
vicinity  of  telegraph  wires  in  exposed  positions,  and  have  heard 
the  sound  produced  therein,  have  had  frequent  opportunities  of 
verifying  this  statement.     The  infinite  variety  of  sounds  evoked 
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in  a  forest  daring  a  storm  arise  from  the  vibrations  which  wind 
has  produced  in  the  leaves,  twigs,  stems,  and  shafts  of  trees. 

A  pleasant  application  of  wind  to  evoke  sonorous  vibrations  is 
made  in  the  ^Eolian  harp.      This  consists  of  a  long  box  of  thin 
wood,  on  the  upper  surface  of  which  violin  strings  are  stretched. 
Excepting  one,  which  is  heavier  than  the  rest,  they  are  tuned  in 
unison ;  when  placed  in  a  window  where  currents  of  wind  may 
pass  over  its  strings  they  are  thrown  into  vibration.     "After  a 
pause  a  low  solemn  note  is  heard,  like  the  bass  of  distant  music 
in  the  sk}*;  the  sound  then  swells  as  if  coming  near,  and  other 
tones  break  forth,  mingling  with  the  first  and  with  each  other. 
In  the  combiued  and  varying  strain,  sometimes  one  clear  note 
predominates  and  again  another,  as  if  single  musicians  alter- 
nately led  the  band;  and  the  concert  seems  to  approach  and 
recede,  until  with  the  unequal  breeze  it  dies  away,  and  all  is 
hushed. " 

A  strong  current  of  air  passing  through  chinks  in  walls, 
cracks  in  doors,  or  through  keyholes,  originates  sounds  wThich 
rise  and  fall  as  the  force  of  the  moving  air  varies.  Thus  the 
deep  howlings  which  issue  from  capacious  chimneys  of  ancient 
houses  take  their  origin. 

Not  only  do  sounds  originate  by  the  action  of  winds,  but 
ftuch  impalpable  agents  as  light  can  also  be  made  to  initiate 
sound  vibrations.     In  following  up  the  experiments  which  led 
to  the  discovery  of  the  photophone  (437  A)  Prof.  Bell  says: 
k*  In  my  Boston  paper  the  discovery  was  announced  that  thin 
disks  of  very  many  different  substances  emitted  sounds  when  ex- 
posed to  the  action  of  a  rapidly  interrupted  beam  of  sunlight. 
The  great  variety  of  material  used  in  these  experiments  led  me 
to  believe  that  sonorousness  under  such  circumstances  would  be 
found  to  be  a  general  property  of  all  matter.,, 

"At  that  time  we  nad  failed  #to  obtain  audible  effects  from 
masses  of  the  various  substances  which  became  sonorous  in  the 
conditions  of  thin  diaphragms,  but  this  failure  was  explained 
npon  the  supposition  that  the  molecular  disturbance  produced 
ty'  light  was  chiefly  a  surface  action,  and  that  under  the  circum- 
stances of  the  experiments  the  vibration  had  to  be  transmitted 
through  the  mass  of  the  substance  in  order  to  affect  the  ear.  It 
w*s,  therefore,  supposed  that,  if  we  could  lead  to  the  ear  air  that 
w*8  directly  in  contact  with  the  illuminated  surface,  louder 
rounds  might  be  obtained,  and  solid  masses  be  found  to  be  as 
sonorous  as  thin  diaphragms.  The  first  experiments  made  to 
^rify  this  hypothesis  pointed  towards  success.  A  beam  of  sun- 
light was  focussed  into  one  end  of  an  open  tube,  the  ear  being 
placed  at  the  other  end.  Upon  interrupting  the  beam,  a  clear, 
musical  tone  was  heard,  the  pitch  of  which  depended  upon  the 

21 
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frequency  of  the  interruption  of  the  light,  and  the  loudness  upon 

the  material  composing  the  tube." 

"  In  order  to  study  these  effects  under  better  circumstances 

the  materials  were  enclosed  in  a  conical  cavity,  B,  in  a  piece  of 

brass  closed  by  a  tlat  plate  of  glass.    A  brass 
Fio.  162.  tube  leading  into  the  cavity  served  for  con- 

nection with  the  hearing-tube  A.  When  this 
conical  cavity  was  stuffed  with  worsted  or 
other  fibrous  materials  the  sounds  produced 
were  much  louder  than  when  a  tube  was  em- 
ployed." 

"  Upon  smoking  the  interior  of  the  conical 
cavity,  and  then  exposing  it  to  the  intermit- 
tent beam,  with  the  glass  lid  in  position,  the 
effect  was  perfectly  startling.  The  sound  was 
so  loud  as  to  be  actually  painful  to  an  ear 
placed  closely  against  the  end  of  the  hearing- 
tube." 

Intermittent  bourn  of  light  *  .,  _  .    .  . 

d*T«.iopi sound.  "In  regard  to  the  sensitive  materials  that 

can  be  employed,  our  experiments  indicate 
that  in  the  case  of  solids  the  physical  condition  and  the  color 
markedly  influence  the  intensity  of  the  sonorous  effects.  The 
loudest  sounds  are  produced  from  substances  in  a  loose,  porous,  spongy 
condition,  and  from  those  that  have  the  darkest  or  most  absorbent 
colors" 

"  The  materials  from  which  the  best  effects  have  been  obtained 
are  cotton-wool,  worsted,  fibrous  materials  generally,  cork, 
sponge,  platinum  and  other  metals  iu  a  spongy  condition,  and 
lampblack." 

"The  loud  sounds  produced  from  such  substances  may,  per- 
haps, be  explained  in  the  following  manner:  Let  us  consider,  for 
example,  lampblack — a  substance  which  becomes  heated  by 
exposure  to  rays  of  all  refrangibility.  I  look  upon  a  mass  of 
this  substance  as  a  sort  of  sponge,  with  its  pores  filled  with  air 
instead  of  water.  When  a  beam  of  sunlight  falls  upon  this  mass, 
the  particles  are  heated,  and  consequently  expand,  causing  a 
contraction  of  the  air-spaces  and  pores  among  them.  Under 
these  circumstances  a  pulse  of  air  should  be  expelled,  just  as  we 
would  squeeze  out  water  from  a  sponge." 

44  The  force  with  which  the  air  is  expelled  is  greatly  increased 
by  the  expansion  of  the  air  itself,  due  to  contact  with  the  heated 
particles  of  lampblack.  When  light  is  cut  off,  the  reverse  takes 
place.  The  lampblack  particles  cool  and  contract,  thus  enlarg- 
ing the  spaces  between  them,  and  the  enclosed  air  also  becomes 
cool.  Under  these  circumstances  a  partial  vacuum  is  formed 
among  the  particles,  and  the  outside  air  reabsorbed,  as  water  is 
by  a  sponge  when  the  pressure  of  the  hand  is  removed.'* 
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u  I  imagine  that  in  some  such  manner  as  this  a  wave  of  con- 
densation is  started  in  the  atmosphere  each  time  a  beam  of  sun- 
light falls  upon  lampblack,  and  a  wave  of  rarefaction  is  origin- 
ated when  the  liejht  is  cut  off.  We  can  thus9  understand  how  it  is 
that  a  substance  like  lampblack  produces  intense  sonorous  vibrations  in 
tht  surrounding  air,  while  at  the  same  time  it  communicates  a  very 
feeble  vibration  to  the  diaphragm  or  solid  bed  upon  which  it  rests.97 

375.  Propagation  of  Sound. — The  apparatus  Fig.  153  consists 
of  a  glass  globe ;  in  the  interior  a  small  bell  is  suspended.     A 
stopcock  closes  the  aperture,  and  by  means  of 
the  screw  it  may  be  attached  to  an  air-pump  Fig.  158. 

and  exhausted. 
Commencing  the  experiment  with  the  globe 

in  an  exhausted  condition,  if  the  vacuum  is 

nearly  perfect,  scarcely  any  sound  can  be  per- 
ceived no  matter  how  violently  we  ring  the 

bell.     What  little  sound  we  do  hear  passes 

along  the  suspending  rod  to  the  metallic  cap. 

If  this  has   been   made   of  poor  conducting 

material,  no  noise  whatever  is  heard.     There- 

*»  j  ,  .1  v  Propagation  of    sound, 

fore,  sound  cannot  pass  through  a  vacuum.  "u  in  vacuo 

Admitting  air  to  the  sphere  and  keeping  the 
bell  in  motion,  we  soon  begin  to  hear  its  ring,  which,  as  air 
enters,  becomes  louder  and  louder,  reaching  its  maximum  when 
the  interior  and  exterior  pressures  are  equal.  We  consequently 
conclude  that  sound  is  propagated  through  air.  We  would  add 
that,  as  a  rule,  it  always  reaches  the  ear  through  this  medium. 

Again  exhausting  the  sphere,  and  filling  it  in  succession  with 
various  eases,  we  find  that  while  they  all  permit  conduction 
of  sound  from  the  bell,  they  differ  greatly  in  ability  to  do  so. 
Hydrogen,  for  example,  transmits  a  feeble  sound,  while  denser 
eases,  according  to  their  increase  in  specific  gravity,  transmit 
louder  sounds.  Increase  in  pressure  also  favors  passage  of 
sound  through  any  gas. 

In  like  manner,  sound  is  propagated  through  water  and  other 
liquids,  and  also  through  all  elastic  solids.  Evidence  of  this 
will  be  given  when  we  treat  of  the  velocity  of  sound  through 
various  media. 

44  Peachel  states  that  the  greatest  known  distance  to  which 
sound  has  been  carried  through  the  atmosphere  is  345  miles,  as 
it  is  asserted  that  the  very  violent  explosions  of  the  volcano  of 
St.  Vincent  have  been  heard  at  Demerara.  There  is  no  doubt 
that  sound  travels  to  a  greater  distance  and  more  loudly  through 
the  earth's  surface  than  the  air.  Thus,  in  the  wilds  of  Africa, 
the  roar  of  a  lion  is  heard  for  many  miles  around.  This  is 
owing  to  the  animal  placing  its  nostrils  within  a  short  distance 


324  ACOUSTICS. 

of  the  ground,  and  the  transmission  of  the  sound  by  the  surface. 
It  is  stated  on  good  authority  that  the  cannonading  at  the  battle 
of  Jena,  in  1806,  was  heard,  though  but  feebly,  in  the  open 
fields  near  Dresden,  a  distance  of  ninety-two  miles;  while  in 
the  casemates  of  the  fortifications  (underground)  it  was  heard 
with  great  distinctness.  So  it  is  said  that  the  cannonading  of  the 
citadel  of  Antwerp,  in  1832,  was  heard  in  the  mines  of  Saxony 
at  a  distance  of  370  miles." 

376.  Manner  of  Propagation  of  Sound. — In  the  discussion  of  the 
relations  of  vibrations  and  undulations  (363),  it  was  stated  that 
vibrations  produce  undulations.  Vibrations  of  a  sonorous  body 
originate  sound  waves,  or  undulations  in  the  air,  in  which  the 
molecules  of  air  are  thrown  into  longitudinal  vibrations,  just  as 
an  oscillating  piston  produces  undulations  in  a  tube  (369). 

Vibrations  in  a  sonorous  bodv  mav  be  either  transverse,  as  in  a 
string,  or  longitudinal,  as  in  a  rod:  but  in  their  passage  through 
air  as  a  conducting  medium,  they  of  necessity  become  longitu- 
diual ;  as  Dr.  Arnott  puts  it:  "There  is  no  cohesion  to  link  the 
air-particles  together,  so  lateral  motions  of  any  one  particle  would 
not  be  passed  on  to  the  next,  only  forward  impulses,  impacts, 
or  pushes,  can  be  communicated.'9  Herein  we  find  an  illustra- 
tion of  the  necessity  of  drawing  a  distinction  between  vibrations 
in  a  sonorous  bodv,  and  those  in  the  medium  the  sound  traverses. 

Ot  the  passage  of  sound  in  air,  Weinhold  says:  The  motion 
of  the  particles  of  air  during  propagation  of  sound  resembles 
to  some  extent  that  of  the  particles  of  water  during  the  trans- 
lation of  a  wave :  hence,  sound  is  said  to  be  conveyed  by  an 
undulatorv  or  wave-like  motion  in  air. 

The  resemblance  is,  however,  confined  to  the  fact  that  each 
particle  performs  the  same  definite  movement,  but  commences 
its  motion  somewhat  later  than  the  preceding  one.  The  path 
described  bv  each  is  esseutiallv  different  in  the  two  cases.  When 
a  wave  is  propagated  through  water,  each  particle  describes  a 
circle  i36tf  :  when  sound  is  propagated  through  air,  the  mole- 
cules move  in  a  straight  line,  backwards  and  forwards,  in  the 
direction  the  sound  is  propagated. 

A  wave  on  water  is  formed  by  a  series  of  crests  and  hollows 
tor  elevations  and  depressions-:  a  wave  of  sound,  by  a  series  ot 
alternating  compressions  and  raivfcietions  of  air.  Such  com- 
pressions and  rarefactions  of  air  take  place  whenever  a  bodv, 
surrounded  by  air,  is  set  in  rapid  vibration — that  is,  when 
its  parts  are  made  to  move  rapidly  to  and  fro  through  a  short 
space.  Suppose  a  tuning-fork  is  struck,  and,  for  sake  of  sim- 
plicity, that  one  of  its  pronjjs  vibrates  exactly  in  a  direction 
towards  and  away  from  us.  As  sivmi  as  the" prong  begins  to 
move  towards  us.  the  nearest  particles  of  air  are  compressed. 
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while  those  further  away  are  unaffected  by  tbe  impulse  in  conse- 
quence of  their  inertia.  Before  the  prong  begins  its  backward 
motion,  the  compressed  particles  of  air  expand  again,  and  the 
expansion  takes  place  in  whatever  direction  they  meet  least 
resistance. 

"  The  tuning-fork  does  not  perform  merely  a  single  vibration, 
but  the  movements  are  uniformly  repeated,  and  a  series 
of  condensations  and  rarefactions  follow  each  other  in  Fl°- 1M- 
rapid  succession,  and  are  propagated  to  the  ear;  the 
lut  portion  of  air  close  to  the  ear  vibrates  to  and  fro, 
exactly  like  that  close  to  the  prong  of  the  fork,  only 
i  little  later." 

The  motion  of  the  particles  of  air  during  the  pro- 
pagation of  sound  may  be  further  demonstrated  with 
the  help  of  Figs.  154  and  155.  A  narrow  slit,  8  S,  is 
cat  out  of  a  piece  of  stiff  paper  (Fig.  155),  which  is 
either  black,  or  at  any  rate  of  a  dark  color;  this  slip 
of  paper  is  then  placed  upon  Fig.  154,  so  that  the  slit 
is  exactly  along  the  dotted  line.  A  is  now  slowly 
drawn  along  in  the  direction  of  the  arrow,  the  piece 
of  paper  being  held  in  the  same  position.  At  first 
the  tower  extremity  of  the  curved  line  Fig.  154  is1 

Fio.  166. 


seen  through  the  slit;  but  as  A  is  drawn  along,  portions  to 
the  right,  and  to  the  left,  come  successively  in  view;  the  small 
white  dot,  which  is  the  only  visible  portion  of  the  curved  line, 
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appears  as  a  point  which  moves  first  to  the  right  and  then 
to  the  left,  and  imitates  closely  the  motion  of  a  vibrating 
particle  of  air,  the  rate  being,  however,  much  slower.  If  now 
the  slit  be  placed  over  the  dotted  line  Fig.  156,  and  the  slip  C 
drawn  along  underneath  it  in  the  direction  of  the  arrow,  a  rep- 
resentation is  obtained  of  the  motion  of  a  series  of  particles  of 
air  which  are  acted  on  by  a  number  of  successive  equal  undu- 
lations or  waves.  Each  particle  merely  moves  a  little  right  and 
left,  and  always  comes  back  to  its  starting  point;  but  the  con- 
densations and  rarefactions,  represented  by  the  lines  being 
respectivelv  closer  together  or  further  apart,  are  gradually 
transmitted  through  the  whole  series  from  one  end  to  the  other. 

377.  Dissipation  of  Sound. — When  sound  passes  out  into  space 
in  what  may  be  called  the  radiant  form,  as  where  the  sonorous 
body  is  vibrating  freely  in  air,  it  is  evident  from  (368),  that  by 
diffusion  of  the  energy  producing  the  undulations,. the  sound 
must  ultimately  diminish  and  finally  be  lost. 

The  theoretical  rate  at  which  the  loudness  of  a  sound  should 
change  under  these  conditions,  is  inversely  as  the  squares  of  the 
distances.  According  to  Deschanel,  this  assumption  is  not 
strictly  true,  inasmuch  as  vibration  implies  friction,  and  friction 
implies  generation  of  heat  at  the  expense  of  the  energy  which 
produces  vibrations.  Sonorous  energy  must,  therefore,  diminish 
with  distance  somewhat  more  rapidly  than  according  to  the  law 
of  inverse  squares.  All  sound,  in  becoming  extinct,  is  converted 
into  bent. 

378.  Conduction  of  Sound. — If  in  place  of  creating  sound  in 
open  space  it  is  produced  in  a  cylindrical  tube  filled  with  air,  as 
described  in  (StV^K  the  rate  of  loss  is  greatly  reduced.  The 
sonorous  waves  are  no  longer  propagated  as  concentric  spheres, 
but  are  reflected  from  the  walls  of  the  tube,  and  their  intensity 
being;  therebv  conserved,  thev  mav  be  conveved  to  great  dis- 
tanees. 

In  the  experiments  of  Riot  with  the  Paris  water  pipes,  it  was 
found  that  conversation  in  a  verv  low  tone  could  be  carried  on 
through  a  pipe  1040  yards  long.  Roughness  in  the  sides  of  a 
tube  diminishes  its  ability  to  convey  sound.  A  very  useful  ap- 
plication of  this  property  of  air  tubes  to  prevent  dissipation  of 
sound  and  carry  it  to  a  distance  is  seen  in  the  speaking  tubes 
generally  introduced  into  dwellings.  In  these  it  is  not  only  con- 
veved, but  made  to  traverse  curies  and  angles. 

bounds  mav  also  be  conducted  aloii£  such  narrow  channels  as 
torda.  An  example  of  this  is  offered  by  the  toy  telephone  or 
k*rer*s  telegraph,  in  which  a  string  a  hundred  or  more  vards  in 
length  is  attached  to  the  bottom  of  a  couple  of  small  boxes  of 
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wood  or  tin  ;  these  act  as  sounding  boards,  and  are  held  at  the 
full  distance  of  the  string  from  each  other,  with  the  cord  taut. 
If   a  person  speaks  or  whispers  into  one  box,  the  vibrations 

Ea.88  along,  the  string  to  the  other  box,  and  can  be  easily  heard 
y  applying  the  ear  thereto.    Fine  metallic  wires  are  substituted 
for  string,  with  excellent  results. 

Along  rods  of  wood  sound  waves  pass  with  facility.     Of  this 
we  have  an  example  in  the  passage  of  sound  along  a  billiard  cue 
when  one  end  is  applied  to  the  ear  and  the  other  scratched  by  a 
pin  or  touched  to  a  musical  box  in  action. 

The  wonderful  facility  with  which  sound  passes  along  wooden 
rods  received  an  admirable  illustration  some  years  ago  in  an 
exhibition  called  the  Magical  Orchestra.  On  the  stage  ap- 
peared a  set  of  stringed  instruments  each  supported  by  a 
slender  wooden  rod.  The  other  extremity  of  the  rod  communi- 
cated with  a  similar  instrument  in  a  room  beneath.  When  the 
performance  began  the  musicians  operated  upon  the  instruments 
iu  the  room  below,  the  vibrations  from  these  passed  along  the 
rods  to  the  visible  instruments,  and  the  music  was  produced 
before  the  audience,  the  performers  being  invisible. 

The  vibrations  in  any  rod  along  which  sound  is  passing  may 
be  distinctly  felt  on  touching  it  with  the  tip  of  the  finger,  but 
they  are  stopped  at  the  moment  of  contact.  It  is  on  this  prin- 
ciple that  the  dampers  of  pianos  and  other  musical  instruments 
act.  Other  bodies  as  wool,  hair,  feathers,  leather,  paper,  or 
anything  which  does  not,  or  is  not  in  condition  to  conduct 
sound,  will  destroy  it  if  they  touch  a  vibrating  body. 

Among  other  solids,  earth  and  stone  also  allow  the  propaga- 
tion of  sound  through  their  mass  even  better  than  it  can  pass 
through  air.  So  the  savage  detects  the  vicinity  of  his  prey  or 
enemy  by  applying  his  ear  to  the  earth.  In  the  transmission 
of  sounds  along  the  stone  and  brick  of  walls  and  beams  of  floors 
of  houses  we  often  find  the  explanation  of  singular  and  otherwise 
unaccountable  noises  which  superstition  has  attributed  to  super- 
natural causes. 

370.  The  Stethoscope  and  Auscultation. — Practical  application 
of  the  difference  in  the  conduction  of  sounds  by  solid,  liquid, 
and  gas,  is  made  in  medicine  for  the  detection  of  changes  which 
have  taken  place  in  the  lungs  and  other  organs.  To  this  method 
of  physical  examination  the  name  "  auscultation  "  is  given. 

Auscultation  consists  in  the  direct  application  of  the  ear  to 
the  chest,  or  other  part  in  which  sound  is  to  be  detected ;  or 
the  intervention  between  the  ear  and  chest  of  an  instrument 
called  the  stethoscope. 

The  earlier  or  Laennec  stethoscope  was  a  wooden  cylinder 
perforated  through  its  axis  and  enlarged  at  its  extremities.     It 
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possessed  a  certain  advantage  over  direct  application  of  the  ear 
to  the  chest,  in  that  vibrations  were  collected  from  a  smaller 
area,  and  sounds  heard  could  be  located  to  greater  advantage. 
To  this,  various  forms  of  flexible  stethoscope  have  succeeded. 
Some  are  double,  the  ear  piece  being  arranged  to  have  both  ears 
brought  into  use  at  the  same  time. 

In  Fig.  157  an  improved  form  of  this  instrument,  contrived 
by  Konig,   is   represented.     It  consists  of  a  hollow  metallic 

Fio.  157. 
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hemisphere,  the  mouth  of  which  is  closed  by  two  disks  of  rubber 
or  membrane  A  C.  By  means  of  a  stopcock  the  space  between 
the  membranes  may  be  inflated  with  air  or  other  gas,  and  a 
double  convex  lens  formed.  To  the  metallic  hemisphere  a 
number  of  tubulures  with  elastic  tubes  are  fitted,  enabling 
several  persons  to  make  observations  at  the  same  time.  The 
outer  membrane  of  the  mouth  is  applied  to  the  chest  in  the 
usual  manner,  when  the  sounds  of  the  heart  and  lungs  pass  into 
the  cavity  between  C  and  A,  and  thence  by  the  tube  to  the  ear. 

By  auscultation,  physicians  detect  new  sounds  that  have  ap- 
peared in  the  various  organs  in  the  thoracic  or  other  cavities  of 
the  body  of  which  a  brief  account  is  given  in  (897),  and  also 
sounds  produced  in  the  abdomen  by  the  beating  of  the  foetal 
heart. 

In  addition  to  the  rales,  rhonehi,  etc.,  referred  to  above,  auscul- 
tation enables  us  to  detect  changes  in  structure  which  attend  con- 
solidation  of  the  lung  bv  fibrinous  and  cellular  material.  We 
have  seen  in  the  study  of  the  propagation  and  conduction  of 
sound  (375,  37^),  that,  as  a  rule,  solids  are  better  conductors 
of  sound  than  gases.  In  health  the  cells  of  the  lung  are  filled 
with  air,  and  by  causing  a  person  to  speak  while  one's  ear  is 
placed  on  the  chest-wall,  the  sound  of  the  voice  is  transmitted 
in  a  muffled  manner  through  the  bronchial  tubes  and  air-cells. 
When  the  lung  is  consolidated  by  pneumonic  or  phthisical 
deposits,  sound  is  conveyed  better  from  the  larynx  and  tubes. 
The  voice,  therefore,  is  louder,  as  though  the  person  was  speak- 
ing immediately  under  our  ear,  in  his  chest:   at  the  same  time 
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■■  character  is  greatly  changed,  it  becomes  unpleasant  anil 
miowed  with  a  nasal  twang. 

When  fluid  is  poured  into  the  cavity  of  the  pleura  from  that 
inbrane,  the  action  is  different  to  that  described  above.  In 
scase  the  effusion  presses  the  lung  away  from  the  chest-wall, 
cells  and  smaller  bronchi  are  closed,  and  all  natural 
respiratory  sounds  are  lost;  even  the  intensity  of  the  voice  is 
reduced,  since  sonorous  vibrations  are  not  readily  communicated 
from  gaa  to  fluid.  Sometimes,  just  along  the  edge  which  marks 
the  surface  of  the  fluid,  and  where  the  lung  is  consolidated  by  its 

SresBure.  the  effects  of  compression  described  above  are  pro- 
need,  but  they  are  limited  in  extent, 

380.  Velocity  of  Sound  in  Gases — A  sound  produced  near  at 
hand  appears  to  reach  the  ear  instantly,  but  this  is  not  the  case 
in  reality.  We  know  that  the  lightning  flash  has  caused  the 
thunder,  but  we  may  not  hear  the  latter  for  some  seconds  after 
the  Hash  has  vanished.  Sound,  therefore,  requires  time  for  its 
passage  through  air.  This  we  might  have  foretold  from  the 
manner  of  propagation  from  molecule  to  molecule,  one  taking 
Qpthe  vibration  a  little  later  than  the  other. 

Among  the  best  experimental  determinations  of  the  velocity 
of  sound  are  those  of  Moll  and  Van  Beck,  made  by  firing 
cannon  on  two  hill-tops  about  eleven  miles  distant  from  each 
flther,  and  noting  the  time  between  the  flash  and  report. 
The  average  result  of  these  was  1093  feet  or  833  metres  per 
Mood,  at  a  temperature  of  0°  C,  and  a  pressure  of  760  m. 
™"nltm  varying  slightly  from  this  are  given.  They  are  due 
to  tin-  different  conditions  of  the  layers  of  air  through  which 
the  sound  passed. 

The  effect  of  temperature  on  the  velocity  of  sound  is  shown 
hvthe  experiments  of  Kendall  in  his  North  Pole  Expedition,  in 
which  the  rate  was  reduced  to  314  metres  per  second,  at  a  teni- 
[*ratnre  of — 40°.  The  increase  in  rate  above  0°  C.  is  about  two 
wt  per  second  for  each  degree  centigrade.  In  England  the 
iHimute  at  60°  E.  is  1120  feet  per  second. 

The  average  velocity  at  ordinary  temperatures  may  be  taken 
"340  metres  per  second.  Since  an  English  mile  is  about  ItJOU 
'Wires,  sound  requires  about  4j  seconds  to  traverse  that  space. 
«DB  these  data  we  may  easily  compute  the  distauce  of  a 
^■nnoo,  by  taking  the  time  between  flash  and  report.  A 
lightning  "flash  with  its  attendant  thunder  also  gives  means  for 
estimating  the  remoteness  of  a  cloud  or  storm.  An  interval  of 
half  a  minute,  in  this  case,  indicates  that  it  is  a  little  more  than 
"I  miles  away.  The  computation  of  time  and  space  may  be 
"lade  by  the  pulse,  each  heat  being  equal  verv  nearly  to  fa  of  a 
mile. 
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The  fact,  that  when  an  air  is  played  by  a  band  at  a  distane«, 
we  hear  all  the  notes  in  their  proper  relation  of  time  to  eac^l 
other,  indicates  that  all  sounds  travel  the  air  with  equal  vdocititr^s. 
While  this  may  be  true  for  sounds  of  equal  strength,  it  is  not 
the  case  when  they  differ  greatly,  for  a  violent  sound  is  th&"» 
found  to  have  a  greater  velocity  than  a  feebler  one.   Illustration 
of  this  was  offered  by  artillery  practice  during  the  Arctic  Ex^^ 
dition  of  Captain  Parry,  in  which  persons  stationed  at  a  c°"^ 
siderable  distance  heard  the  report  of  the  gun  before  theyhea^"^ 
the  order  of  the  officer  in  command.      In  blasting  operation*  ^ 
Mallett  found  that  the  larger  the  charge  of  powder,  the  lou«i  ^f 
the  report,  and  the  greater  the  velocity  of  transmission.     Wi  *~ 
2000  pounds  of  powder  the  velocity,  according  to  his  estimate,  V%~^B 
967  feet  per  second;  with  12,000  pounds,  1210  feet  per  second* \ 

As   regards  transit  in  altitude,  Bravais  and  Martins  foil*-""* 
that  sound  moved  at  the  same  rate  from  the  summit  to  the  bi 
of  the  Faulkorn,  as  from  base  to  summit. 

The  following  table  gives  the  results  of  Regnault's  expe 
ments  on  the  velocity  of  sound  in  different  gases,  through 
tube  2000  metres  in  length : 

Air 333.00  1093 

Oxvt*en 317.17  1040 

Hvdrogen 1269.50  41«6 

Carbon  dioxide 261.60  856 

Carbon  monoxide 337.40  1107 

Protoxide  of  nitrogen 261.90  8-">9 

defiant  gas 314.00  1030 

The  velocity  of  sound  is  less  in  damp  air;  the  loudness  is  also* 
less.     Drv  frost v  air  is  favorable  to  the  transmission  of  sound. 
In  country  regions  farmers  often  predict  a  change  in  weather 
by  the  manner  in  which  the  ringing  of  distant  church  bells  is 
conveved  through  the  atmosphere. 

•  v.  I 

According  to  Peschel  sounds  may  be  heard  at  the  following 

distances  in  yards: 

» 

Yard*. 

Musket  report 8000 

Marching  company  of  soldier?          ......  fiOfttoftnO 

Squadron  of  cavalry  at  foot  pace      ......  7**0 

Sjuadron  of  cavalry  at  jjallop          ......  1080 

Heavy  artillery  at  foot  pace      .......  660 

Heavy  artillery  at  irallop 1000 

Stronsj  human  voice          ........  230 

381.  Velocity  of  Sound  in  Liquids. — The  velocity  of  sound  in 
liquids  was  determined  by  Colladon  and  Sturm,  in  the  Lake  of 
Geneva.  A  bell  was  struck  under  water  by  means  of  a  string, 
which  at  the  same  moment  ignited  powder.  The  observer  was 
stationed  at  a  distance  with  an  ear  trumpet,  the  mouth  of  which 
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was  covered  by  membrane  and  placed  under  water.  The  time 
being  measured  between  appearance  of  the  flash  and  hearing 
the  stroke  on  the  bell,  the  velocity  of  transmission  of  the  sound 
was  obtained.  At  a  rough  estimate,  it  was  four  times  the  rate 
through  air.  The  velocity  of  sound  in  different  liquids,  as 
determined  by  Wertheim,  is  as  follows : 

Metres 
per  ttecond. 

Ether 1159 

Essence  of  turpentine 1265 

Water 1437 

Sea  water 1455 

Mercury 1471 

Nitric  acid 1521 

Aqua  ammonia 1820 

The  effect  of  temperature  is  shown  by  the  following,  from 
Ganot: 


Temp 

River- water  (8eine) 18°  C. 

ftiver-water  (Seine; 30°  C. 


Feet 
per  second. 

4714 
5013 


382.  Velocity  of  Sound  in  Solids. — Many  solids  transmit  sound 
better  than  either  water  or  air.  The  rate  in  some  is,  however, 
jess  than  the  rate  in  air.  The  following  table  in  feet  per  second 
is  from  Ganot: 


Caoutchouc 

107 

Wax 

2,394 

Lead 

4,030 

Gold 

.       5,717 

Silver 

.       8,553 

Pine 

.     10,900 

Copper 

.     11,066 

Oak 

.     12,622 

Ash 

.     13,314 

Elm 

.     13,516 

Fir. 

.     15,218 

Steel  wire 

.     15,470 

Aspen 

16,677 

Iron 

.     16,822 

In  wood,  velocity  is  greatest  with  the  grain. 

Mallett  gives  the  following  results  of  his  experiments: 


Wet  sand 

Stratified  quartz  and  slate 
Discontinuous  granite 
Solid  granite 


Foot 
!*•  r  second 

825 

1088 

1 306 

,     1664 


The  experiments  of  Genl.  II.  L.  Abbot,  in  connection  with 

ni,Tiing  operations  at  Hallet's  Point,  in  which  50,000  pounds 

^  <iynamite  were  fired  at  a  single  explosion,  and  other  experi- 

**ts  made  since  that  time,  give  far  higher  velocities  for  the 

*%age  of  waves  through  the  earth,  and  show  that  the  problem 

**  ^  very  complex  one,  the  results  being  influenced  by  a  number 

°*  conditions.     Among  these  are  the  character  of  the  explosive, 

***<!  the  power  used  in  examining  the  tremor  waves  on  the  sur- 

**^e  of  the  mercury  of  the  seismometer.     In  an  article  on  this  sub- 
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{'ect  in  the  "Am.  Journal  of  Sciences  and  Arts,"  vol.  xv.  page  181, 
le  says:  "The  velocities  observed,  all  tend  to  confirm  the  idea 
that  a  slow-burning  explosive,  like  gunpowder,  generates  a  series 
of  gradually  increasing  tremors,  which,  at  a  distance  of  a  mile, 
are  at  first  quite  invisible  with  a  less  seusitive  seismometer;  and 
are  only  detected  by  it  when  near  their  maximum  intensity.  If 
Lieut.  Leach's  estimate  of  time  for  the  arrival  of  the  maximum 
wave  be  accepted,  we  have,  therefore,  for  the  first  mile" — 

Magnification.  '      Fret  per  second. 

Power  of  12  gives 8415 

Power  of  6  gives 5559 

Minimum  power  gives 1240 

383.  Reflection  of  Sound  from  Plane  Surfaces. — Where  a  system 
of  sound  undulations  meets  a  barrier  which  presents  a  plane 
surface,  the  waves  undergo  reflection  according  to  the  principles 
laid  down  in  (370).  Thus,  echo  is  produced  in  large  rooms,  and 
if  the  positions  of  the  walls  are  in  proper  relation  to  the  speaker, 
repetitions  of  the  words  uttered  may  be  eo  frequent  as  seriously 
to  impair  their  acoustic  properties.  At  the  villa  Simonetta,  near 
Milan,  a  pistol  report  is  sometimes  repeated  fifty  times,  and  at 
Pavia  a  building  has  been  constructed  in  which  the  last  syllable 
of  a  question  is  answered  or  echoed  thirty  times.  Anything 
which  presents  broken  surfaces  diminishes  the  echo.  It  is,  for 
example,  less  in  a  room  filled  with  an  audience  than  when  emptv. 
Curtains  and  hangings  of  all  descriptions  cause  a  diminution  id 
the  number  of  repetitions. 

Reflection  of  sound  waves  or  echo  also  takes  place  in  the  open 
air:  especially  is  this  noted  along  rivers  with  precipitous  banks. 
The  discharge  of  a  gun,  or  explosion  of  a  blast  in  quarrying 
rock,  will  often  be  repeated  many  times,  taking  on  the  character 
of  rolling  thunder. 

In  treating  of  the  conduction  of  sound  along  speaking-tubes, 
we  have  referred  to  the  reflection  of  the  vibrations  from  the  walls 
of  a  tube.  After  their  direction  has  been  changed  they  tend  to 
advance  in  the  new  direct  course,  and  not  to  spread  out  as  when 
radiating  from  the  point  of  origin.  Upon  this  principle  the 
speaking-trumpet  depends  for  its  action :  the  sound  is  thus 
direct ed  by  the  speaker  to  whatever  point  he  may  desire  with 
far  less  loss  from  lateral  diffusion  than  if  it  were  not  employed. 

Sounds  are  also  reflected  from  such  impalpable  surfaces  as 
clouds:  of  this  we  have  an  example  in  the  reverberations  of 
thunder.  When  the  lightning  flash  is  unbroken,  and  free  from 
the  zig-zag  form,  it  is  frequently  attended  by  rolling  thunder, 
the  echoing  reports  being  partly  the  results  of  reflections  from 
the  clouds. 
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.  Reflection  of  Sound  from  Curved  Surfaces. — In  the  studj'  of 
lOtioD  (304),  and  undulations  (370),  we  have  seen  that  reflection 
ikes  place  on  the  opposite  aids  of  the  normal  or  perpendicular, 
drawn  to  the  point  of  impact  of  the  incident  molecule  or  wave; 
iliat  the  angle  of  reflection  is  equal  to  the  angle  of  incidence; 
and  both  lie  in  the  same  plane. 

Since  any  curved  surface  may  be  conceived  to  consist  of  an 
infinite  number  of  plane  surfaces,  the  law  also  applies  in  this 
case,  and  if  the  curvature  is  of  proper  shape,  the  inclinations  of 
the  plane  surfaces  forming  it  may  cause  the  convergence  of  the 
sound  waves.     For  a  full  explanation  the  student  is  referred  to 

Illustration  of  the  reflection  of  sound  waves  from  curved 
surfaces  is  offered  by  means  of  the  parabolic  or  conjugate  mir- 
rors used  in  experimenting  with  light  and  heat.  If  a  watch  is 
placed  at  the  focus  of  one  of  the  mirrors,  the  ticking  sound  it 
■  miu  will  be  reflected  in  parallel  lines,  Fig.  158.     Falling  on 


*he  opposite  mirror,  the  undulations  are  again  reflected,  and 
converged  to  the  focus.  A  tube  placed  at  this  point  will  convey 
"Km  to  the  ear,  as  indicated  in  the  figure. 

If  sound  is  produced  at  the  centre  of  a  sphere,  it  is  reflected 
Wit  with  wonderful  intensity  to  the  same  point,  constituting  a 
powerful   echo.     If  produced  at  one  side  of  a  circular  space 
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under  a  hemisphere,  a  similar  though  less  marked  result  is 
obtained.  The  circular  gallery  under  the  dome  of  St.  Paul's 
Cathedral,  in  London,  aftbrds  so  good  an  illustration  of  this  fact, 
that  it  is  known  as  the  whispering  gallery.  By  whispering  close 
to  the  wall  on  opposite  sides  of  this  space,  two  persons  may 
readily  carry  on  a  conversation  with  each  other.  In  like  manner 
in  rooms  of  an  oval  form,  two  individuals  may  converse  in  a 
whisper  by  standing  at  the  foci,  while  those  at  a  short  distance 
from  them  are  unable  to  hear  their  conversation. 

Dr.  Arnold  relates:  "It  happened  on  board  a  ship  sailing 
south  in  the  Atlantic,  towards  Rio  de  Janeiro,  while  out  of  sight 
of  land,  that  one  day,  persons  on  the  deck,  when  near  a  par- 
ticular part  of  it,  thought  they  heard  distinctly  the  souna  of 
bells.  All  were  attracted  to  listen,  and  the  phenomenon  was 
mvsterious.  Weeks  afterwards  it  was  ascertained  that,  at  the 
time  of  observation,  the  bells  of  the  city  of  St.  Salvador,  on  the 
Brazilian  coast,  had  been  ringing  on  the  occasion  of  a  festival: 
their  sound,  therefore,  favored  by  the  wind  at  the  time,  had 
travelled  over  at  least  100  miles  of  smooth  water,  and  had  been 
condensed  by  the  concave  sail  to  a  focus  on  the  deck  of  the 
vessel  where  it  was  listened  to.  In  remote  country  places  there 
is  reason  to  believe  that  the  reflection  of  distant  sounds  from  the 
walls  of  lonely  and  uninhabited  houses  has  sometimes  led  to  the 
report  that  they  were  haunted.'* 

Practical  applications  of  the  phenomena  with  which  we  have 
been  dealing  are  found  in  the  external  ears  or  conchs  of  men 
and  auimals.  These  are  constructed  of  cartilage  covered  intern- 
ally by  smooth  skin,  with  the  curvatures  arranged  to  reflect 
sound  undulations  into  the  auditory  canal.  The  ear-trumpet 
also  acts  on  the  same  principle,  collecting  a  great  extent  of  waves 
by  the  expanded  lip  of  its  mouth,  and  reflecting  them  down  the 
tube  to  the  narrow  exit,  which  is  applied  to  the  auditory  canal 
of  the  ear  of  the  person  using  it.  The  flexible  stethoscope  acts 
inpiirt  in  the  same  manner. 

The  speaking-trumpet  is  another  example.  Peschel  states, 
that  the  voice  of  a  strong  man  sent  through  a  trumpet  eighteen 
to  twentv-four  foot  in  length,  has  been  heard  at  a  distance  of 
three  miles. 

385.  Refraction  of  Sound. — The  experimental  illustration  of 
refraction  and  of  its  laws  is  host  attained  in  the  case  of  light 
(492).  Sound  undulations  follow  the  same  laws  of  refraction  as 
OO  those  of  light.  This  was  demonstrated  by  Sondhauss,  who 
took  a  lanre  spherical  collodion  balloon,  and  cutting  segment* 
afoot  in  diameter  therefrom,  tittevi  riiem  to  a  circular  ring.  A 
double  convex  lens  ..,\£S\  a  foot  it;  diameter  and  four  inches 
thick  in  the  axis,  was  thus  formed.     On  tilling  this  with  carbonic 
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acid  gas,  and  placing  a  watch  at  a  distance  of  a  couple  of  feet  in 
the  axial  line,  its  ticking  could  be  found  in  the  same  line  on 
the  opposite  side  of  the  Tens,  at  a  proper  position.  This  could 
only  ocour  by  a  refraction  of  the  sound  in  the  same  manner 
tbat  light  and  heat  are  refracted. 

Tin.'  India-rubber  balloons  used  as  children's  toys,  if  inflated 
with  carbonic  acid  gas  produce  a  similar  result:  if  with  hydrogen, 
they  cause  a  dissipation  of  the  sound,  acting  as  a  concave  instead 
of  a  convex  lens. 

3M  A.  Polarization  of  Sound. — In  the  "Journal  of  the  Franklin 
Institute,"  for  1881,  Professor  S.  W.  Robinson  describes  a  series 
ut  experiments  which  tend  to  show  that  by  meanB  of  suitable 
arrangements  sound  waves  present  phenomena  of  polarization 
resembling  those  offered  by  light.  The  apparatus  employed  con- 
sisted of  polarizer  and  analyzer  formed  of  tubes  of  a  peculiar 
shape  filled  with  coal-gas. 
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SONOROUS  BODIES. 

*ibwing  strings — Laws  of  transverse  vibrations — Nodes  «od  [nope — Vibrating 
rwji — Vibrating  plates  and  bells — Vibrating  membrane? — Vibniting  columns 
uf  air— Reed  instruments— Sint;mi;  flumes— Sympathetic  vibrations — Sensi- 
tive Annus — Production  of  ubnonmd  sounds  in  the  chest. 

386.  Vibrating  Strings. — The  term  is  applied  both  to  the  tense 
catgut  cords  and  the  wires  used  in  the  construction  of  pianos 
"nil  violins.  Stretched  cords  or  strings  may  show  either  trans- 
feree or  longitudinal  vibrations.  In  practice  only  the  former 
«e  used.  The  string  is  sometimes  thrown  intornotiou  by  pluck- 
ing, or  pulling  it  to  one  side,  and  then  letting  it  free  suddenly, 
M  in  the  harp;  again  by  a  bow  the  threads  of  which  are  coated 
"iih  rttin,  as  in  the  case  of  the  violin;  or  by  a  quick  sharp  blow, 
"sin  a  piano. 

Transverse  vibrations  may  be  illustrated  to  advantage  by 
fetching  a  white  cord  in  front  of  a  dead-black  surface.  If  it 
i*  long  and  heavy,  the  swaying  motion  of  the  cord  when  plucked 
wi  be  followed  by  the  eye,  but  as  ita  length  is  diminished,  or 
tension  increased,  the  vibrations  become  so  rapid  that  the  eye  can 
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no  longer  detect  them.  The  cord  then  assumes  the  appearance 
of  a  fusiform  figure  in  front  of  the  black  surface,  and  a  musical 
note  is  produced. 

387.  Laws  of  Transverse  Vibrations  may  be  studied  by  means 
of  the  monocord,  or  sonometer,  Fig.  159.  It  consists  of  a  rectan- 
gular wooden  box,  about  five  feet  in  length,  and  five  inches 

Fig.  159. 


Th«*  •*i»ii<«ni»«t«,r. 


square  on  the  ends.  It  must  not  have  any  bottom.  The  long 
sides  may  be  half,  and  the  end  pieces  at  least  three-quarters  of 
an  inch  thick,  and  made  of  hard  wood.  The  top  should  be  con- 
structed of  soft  pine  as  thin  as  possible,  a  mere  veneer  one- 
twelfth  of  an  inch  in  thickness,  in  a  continuous  piece,  with  its 
grain  true  and  running  lengthways,  is  the  best.  A  wire  or 
string  is  attached  to  a  peg  at  the  end  D,  and  passes  immediately 
over  a  triangular-shaped  piece  of  wood,  B,  called  a  bridge.  At 
the  other  end  of  the  box  it  passes  over  another  bridge,  A,  thence 
over  the  pulley  X,  and  terminates  in  a  rod  on  which  weights  may 
•be  placed,  M. 

In  this  apparatus  we  may,  1st,  vary  the  tension  bv  changing 
the  weight  on  the  rod  M:  2d,  the  thickness  of  the  wire;  3d,  the 
weight  or  density  of  the  wire;  4th,  its  length,  by  means  of  the 
movable  bridge  (\  The  laws  resulting  from  these  experiment* 
are  as  follows: 

1st.  Othtr  things  being  equal*  the  n  amber  of  vibrations  per  second 
is  in  verse  fg  as  the  lengths  of  the  string*. 

2d.  Other  things  being  equal,  the  mt miter  of  vibrations  per  second  is 
inversely  as  the  diameters  <f  the  strings. 

3d.  Of  her  things  Iteing  equal*  the  number  of  vibrations  per  second  is 
as  the  sqaare  emits  of  the  tension  iceights. 

4th.  Other  things  heing  equal,  the  namlter  of  vibrations  per  second 
is  inrersefg  as  the  square  roots  of  the  densities. 

These  laws  receive  their  practical  applications  in  the  construc- 
tion of  all  kinds  of  stringed  instruments. 
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388.  Nodes  and  Loops. — Suppose  the  string  on  the  monocord 

to  be  vibrating  throughout  its  whole  length,  and  then  suddenly 

caught  on  the  movable  bridge  B  at  one- third  the  distance  from 

D  to  A.     The  section  D  B  vibrates  about  these  two  new  fixed 

points.     At  the  same  time  all  parts  of  the  string  tend  to  move 


Nodes  and  hnt\*. 

lr*  unison  with  the  section  D  B,  consequently  the  section  B  A 
^Ot>8  not  vibrate  as  a  whole,  but  it  subdivides  at  C,  giving  two 
Actions,  B  C  and  C  A,  each  equal  in  length  to  D  B. 

Suppose  the  movable  bridge  be  made  to  touch  the  cord  at 
°*»€-quarter  its  length.  The  results  are  then  shown  in  the 
lower  diagram,  in  which  the  remaining  portion  of  the  string 
from  B  to  A  vibrates  in  three  sections,  as  indicated  by  the  con- 
tiguous and  dotted  lines.  The  points  B  CCA  in  the  strings 
a*"^  called  nodes.  The  central  part  of  the  fusiform  portion  of  the 
8*t-ing  between  these  points  is  called  a  loop,  or  ventral  segment. 

The  position  of  the  nodes  and  loops  in  a  vibrating  cord  may 
jj^  made  more  evident  by  placing  paper  riders  upon  the  string. 
\liose  at  the  nodes  are  quiet,  while  those  on  the  loops  are  so 
^♦dently  agitated  that  they  are  thrown  off. 

The  bridge  must  be  made  to  arrest  the  cord  at  some  aliquot 
P^rt  of  its  length,  to  form  sections  which  bear  the  relation  of 
^"liole  numbers  to  each  other,  otherwise  the  nodes  will  not  be 
F**v>perly  formed,  and  the  vibrations  will  quickly  destroy  each 
<**lier. 

389.  Vibrating  Rods. — All  elastic  rods,  especially  those  made 
°t*  dteel,  can  be  made  to  vibrate  both  transversely  and  longitudi- 
nally.    They  are  excited  by  fixing  the  rod  firmly  at  one  end,  and 
*<?ting  upon  the  free  portion  with  a  violin  bow.     To  produce 
longitudinal  vibrations,  the  rod  is  held  in  a  narrow-jawed  vice, 
fctHlthen  rubbed  in  the  direction  of  its  length  with  a  piece  of 
cloth  coated  with  resin. 

The  laws  of  longitudinal  are  similar  to  those  of  transverse 
vibrations.     The  longitudinal  note  given  by  a  wire  or  rod  is, 
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Fig.  161. 


however,  of  much  higher  pitch  than  the  transverse  note  of  the 
sa me  length  of  wire.  This  results  from  the  fact  that  the  elastic 
force  longitudinally  is  greater  than  that  in  the  transverse  direc- 
tion, consequently  the  number  of  vibrations  is  greater.  A  short 
piece  of  wire  smartly  rubbed  will  give  a  note  so  shrill  that  it  is 
positively  painful. 

To  demonstrate  the  complicated  character  of  the  motions  oft 
vibrating  rod,  a  glass  bead  silvered  on  the  iqside  should  be  at- 
tached by  a  piece  of  wax  to  the  end  of  the  rod.  This,  by 
reflecting  the  rays  from  a  candle  flame  will  produce  curves  of 
great  beauty. 

The  deepest  note  of  a  bar  of  steel,  or  rod  of  glass,  is  sounded 
by  holding  it  about  one-fourth  or  one-fifth  of  its  length  from  one 
end,  and  then  striking  it  upon  the  middle  or  end.  It  then 
vibrates  in  three  segments. 

Among  musical  instruments  which  depend  upon  the  trans- 
verse vibration  of  rods  for  their  action,  we  may  mention  the 

musical  snuff  box  and  tuning-fork.  In  the  latter  a 
rod  is  bent  with  the  two  nodes  very  near  to- 
gether. It  vibrates  as  illustrated  by  the  dotted 
lines,  Fig.  161.  The  handle  of  the  fork  is  not 
coincident  with  either  of  the  nodes,  but  between 
them,  so  when  the  prongs  vibrate  the  handle 
is  thrown  into  a  vigorous  up  and  down  motion, 
and  powerful  vibration  may  thus  be  imparted 
to  any  resonant  surface  upon  which  it  is  placed. 
The  vibrations  of  the  prongs  may  be  shown  by 
bringing  one  of  them  in  the  vicinity  of  a  sus- 
pended ball  of  cork  or  pith. 
.^  Longitudinal  vibrations  are  employed  in  Mar- 

^jn         loyVs  harp,  which  consists  of  a  solid  block  of  wood, 
|  into  which  some  twenty  thin  wooden  rods  of  differ- 

Tuning-fark.       ent  lengths  are  fixed.     The  vibrations  are  pro- 
duced by  rubbing  them  lengthwise  by  the  thumb 
and  index  finger  which  have  been  dipped  in  resin  powder;  their 
notes  resemble  those  of  Paris  pipes. 

In  the  triangle  while  vibrations  are  transverse  on  the  hori- 
zontal part,  they  are  nearly  longitudinal  on  the  attached  por- 
tions. 

390.  Vibrating  Plates  and  Bells. — A  vibrating  plate  may  be 
either  square  or  circular.  It  can  be  fixed  either  by  its  centre, 
or  edge;  in  the  first  ease  it  is  thrown  into  vibration  by  drawing 
a  bow  across  the  edge,  in  the  second  by  drawing  a  string  covered 
with  resin  through  an  opening  in  the  centre. 

If  a  plate  is  fastened  in  the  horizontal  position,  and  fine  sand 
dusted  on  its  surface,  on  throwing  it  iuto  vibration  the  sand 
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enters  into  rapid  movement,  and  finally  accumulates  in  sym- 
metrical lines  on  the  surface.  These  are  called  nodal  lines  or 
Chladni's  figures,  Fig.  162.  Their  position  may  be  determined 
by  touching  the  plate  at  the  desired  point.  The  nodal  lines 
separate  portions  of  the  plate  in  which  the  vibration  is  in  oppo- 
site directions.  As  they  are  determined  by  the  parts  which  are 
touched,  or  fixed,  they  represent  portions  of  the  plate  at  rest. 

Fin.  162. 


Chltulni'u  figures. 

If  lycopodium  powder  be  mixed  with  the  sand,  the  lycopodium 
does  not  move  to  the  nodal  lines,  but  gathers  in  little  masses  on 
the  vibrating  parts,  keeping  up  a  violent  movement.  After 
puzzling  physicists  for  a  long  time,  Faraday  at  last  proved  that 
this  result  was  owing  to  inward  and  ascending  currents  of  air 
tfhich  could  act  upon  the  light  powder  in  the  manner  described. 
Gongs  and  cymbals  are  examples  of  vibrating  plates,  and  show 
nodal  lines. 

A  vibration  rod  when  bent  becomes  a  tuning-fork,  so  a  bent 
plate  forms  a  bell,  goblet,  or  bowl,  and  is  subject  to  the  same 
Ws  of  vibration  as  a  plate.     Of  this  we  may  satisfy  ourselves 
by  turning  a  flat  bell,  like  those  used  in  a  clock,  mouth  upwards, 
and  sprinkling  sand  in  the  interior.    On  sounding  the  bell  with 
a  violin  bow,  the  sand  shows  at  once  the  presence  of  nodal  lines. 
A  finger  glass  or  tumbler  in  which  some  water  has  been  poured, 
may  be  caused  to  sound  by  passing  a  wet  finger  along  its  edge. 
So  strong  are  the  vibrations  that  the  water  is  thrown  into  rip- 
ples.     The  deepest   notes  are   produced  when  the  surface  is 
divided  into  sections. 

SSL  Vibrating  Membranes. — Membranes  can  only  produce 
sounds  when  stretched  on  a  rigid  framework.  The  smaller  and 
the  more  tightly  stretched,  the  higher  the  note  emitted. 

Membranes  are  also  thrown  into  vibrations  by  sounds  pro- 
duced in  their  vicinity,  when  these  are  in  unison  with  tneir 
notes.  When  thus  vibrating,  if  fine  sand  is  dusted  on  their 
surfaces,  nodal  lines  are  formed.  The  figures  produced  are  not 
as  fixed  and  invariable  as  in  vibrating  plates. 

The  sound  emitted  by  a  membrane  is  rather  a  noise  than  a 
true  musical  note.    Their  use  in  music  is  chiefly  to  mark  the 
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rhythm.  The  sound  being  compound,  they  are,  therefore,  sus- 
ceptible of  vibration  under  a  considerable  range  or  variety  of 
notes,  a  property  of  special  interest  in  connection  with  the 
organ  of  hearing. 

392.  Vibrating  Columns  of  Air. — Air  enclosed  in  tubes  may  be 
thrown  into  vibration  and  originate  sounds.  The  note  depends 
on  the  length  of  the  column  of  air,  or  of  the  tube.  The  oscilla- 
tions of  the  air  particles  are  similar  in  character  to  those  by 
which  sound  is  propagated  in  air.  The  movement  is  longitu- 
dinal, but  the  wane  is  not  progressive,  it  is  stationary.  In  a  pro- 
gressive wave  the  particles  take  up  the  movement  one  a  little 
after  the  other;  in  a  stationary  wave,  on  the  contrary,  they  take 
it  up  at  the  same  moment,  though  the  distances  through  which 
they  move  are  different. 

When  a  tube  speaks,  or  emits  sound,  the  particle  at  the  centre 
does  not  oscillate;  the  rest  do  to  a  greater  or  less  extent, 
those  at  the  ends  the  most,  and  less  and  less  towards  the  centre. 
The  centre  represents  a  node,  while  the  end  of  the  tube  is  the 
middle  of  a  ventral  segment.  When  the  particles  are  most  dis- 
tant from  the  position  of  rest,  the  return  movement  begins;  they 
overpass  the  position  of  rest,  and  thus  a  swaying  motion  is 
established. 

A  tube  closed  at  one  end  acts  like  half  of  a  tube  open  at  both 
ends,  the  node  being  at  the  bottom,  and  the  middle  of  a  ventral 
segment  at  its  mouth.  It,  therefore,  gives  out  the  same  note 
as  one  of  twice  its  length  open  at  both  ends. 

Air  columns  may  be  made  to  vibrate  in  various  ways.  1st 
By  blowing  air  across  the  mouth  of  the  tube.  In  Fig.  163  the 
vertical  cylinder  represents  the  mouth  of  a  tube  or  bottle.  By 
means  of  an  India-rubber  tube,  pinched  between  the  fingers  to 
form  a  slit,  a  blast  of  air  is  directed  across  the  mouth  of  the 
cylinder,  when  its  proper  note  is  sounded.  The  flute,  whistle, 
and  certain  organ  pipes  are  examples  of  this  method  of  pro- 
ducing vibrating  columns  of  air. 

Another  method  is  represented  in  Fig.  164.  In  this  a  tuning- 
fork  is  made  to  vibrate  over  the  mouth  of  a  tall  narrow  jar. 
Water  is  then  poured  into  the  jar  until  the  column  of  included 
air  is  of  the  proper  length  to  vibrate  in  unison  with  the  fork. 

A  third  method  is  thus  described  by  Weinhold:  "If  a  current 
of  air  is  blown  between  two  flexible  bodies  which  are  in  mode- 
rately firm  contact  with  one  another;  as,  for  instance,  between 
the  closed  lips,  or  between  the  fingers  of  the  hand  placed  flat 
upon  the  mouth,  or  between  the  lips  and  a  leaf  held  close  before 
them,  a  sound  may  be  produced  which  is  caused  in  a  similar 
manner  to  that  of  the  siren  (407).  The  compressed  air  forces 
its  way  out  by  slightly  pushing  aside  the  two  bodies:  which,  in 
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consequence  of  their  elasticity,  instantly  return  to  their  original 
position,  and  are  immediately  afterwards  again  pushed  back  by 
the  current  of  air;  the  same  movement  is  repeated  many  times 
in  rapid  succession;  a  series  of  impulses  is  thuB  given  to  the 
air,  and  a  note  is  produced.  The  pitch  of  this  tone  naturally 
depends,  as  in  other  tubes,  upon  the  length  of  the  vibrating 
column  of  air." 


l'i..,.  !<;■(. 


"It  is  thus  that  notes  are  produced  in  all  wind  instruments, 
BWpt  the  flute.  In  brass  instruments  the  lips  form  the  soft 
vibrating  parts;  in  wood  instruments,  for  example  in  the  cla- 
riowt,  the  air  is  forced  through  'reeds,'  formed  of  two  thin 
elastic  plates  of  wood  or  cane." 

393.  Reed  Instruments. — The  soft  elastic  plates  of  wood,  cane, 
or  reed,  used  in  the  clarionet  and  similar  instruments,  differ 
<*8*ntially  in  action  from  the  strong  springy  tongues  in  the  con- 
certina, accordeon,  harmonium,  and  reed  pipes  of  the  organ. 
I«  the  former,  the  length  of  the  column  of  air  controls  the  rate 
°f  vibration  of  the  reed;  they  are  called  mouth  instruments.  In 
w latter,  the  rate  of  vibration  is  independent  of  the  column  of 
»ir,  it  is  governed,  as  in  the  tuning-fork,  by  the  length,  thick- 
"t"",  mid  shape  of  the  tongue  or  reed.  Therefore,  they  are 
wiled  reed  instruments. 

"In  reed  instruments  the  metal  tongues  are  thin,  long,  nar- 
row rectangular  plates  of  hardened  brass  or  German  silver,  fixed 
h'  their  thicker  ends  upon  a  plate  of  metal,  usually  of  zinc, 
newly  closing  a  rectangular  slit  in  the  plate.  In  Fig.  Iri5, 
A  represents  the  exterior,  B  a  section  of  such  a  tongue.     The 
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plate  with  the  tongue  fixed  upon  it  is  called  a  i  reed; '  it  is  fas- 
tened forming  one  side  of  a  small  box  into  which  air  can 
be  forced  through  an  opening.     That  side  of  the  plate  upon- 
which  the  tongue  is  fixed  is  turned  towards  the  inside  of  the 
box;  as  the  current  of  air  escapes  from  it,  it  presses  the  tongu 
in  the  direction  of  the  small  arrow  into  the  slit  of  the  plate 
as  indicated  by   the  dotted   line;    the  slit  is  for  an   instant 
more  completely  closed  than  before,  and  the  current  ot  ai 
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Vibrating  re*«l. 

almost  entirely  interrupted.  The  elasticity  of  the  tongue  im- 
mediately causes  it  to  return  to  its  first  position;  a  passage  is 
thus  reopened  for  the  air;  the  current  is  reestablished  and 
carries  the  tongue  with  it,  as  before,  so  as  again  to  obstruct 
its  own  path;   the  tongue  then  springs  back,  and  the  action 

is  repeated  so  long  as  air  is  forced  into  the  box.  If 
the  tongue  is  simply  bent  down  with  the  finger 
and  released,  it  will  yibrate  to  and  fro,  but  no 
,  A  sound,  or  only  a  faint  trace  will  be  heard;  hence, 
the  sound  is  solely  due  to  regular  periodic  inter- 
ruption of  the  current  of  air,  as  in  the  siren." 

394.  Singing  Flames. — Musical  sounds  may  also 
be  produced  by  causing  a  gas  flame  to  burn  in  the 
interior  of  a  tube.  An  apparatus  of  this  descrip- 
tion has  long  been  known  as  the  chemical  harmonicon. 
It  consists  of  an  arrangement  for  the  generation  of 
hydrogen  (164),  in  which  the  escape  tube  B  passes 
directly  upwards  from  the  decomposition  bottle, 
and  is  drawn  to  a  fine  jet,  Fig.  166.  After  a  suffi- 
cient amount  of  gas  has  been  allowed  to  escape, 
and  there  is  no  longer  any  danger  of  an  explosion, 
the  gas  is  lighted.  Glass  tubes  of  different  length  and  diameters, 
and  open  at  both  ends,  are  then  lowered  over  the  flame,  as  at  A. 
At  certain  positions  in  some  of  these  tubes  the  flame  vibrate* 
and  sounds  or  musical  notes  are  emitted. 

The  cause  of  vibration  under  these  circumstances  is  an  irreg- 
ular union  of  the  gas  with  the  oxygen  of  air.     By  some  it  is 
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Singing  flame. 


called  explosive.     The  manner  of  union  of  the  two  gases,  and 

lbs  rate  of  production  of  "explosions"  are  determined  by  the 
relations  of  the  size  of  the  flame  to  the  diameter  and  length  of 
tin' tube.  Sometimes  the  sound  is  a  rattling  noise,  at  others  a 
low,  and  then  a  high  musical  note. 

If,  while  the  ilame  is  singing,  we  observe  its  reflection  in  a 
mirror  rotating  on  a  vertical  axis,  it  is  seen  to  be  alternately 
increasing  and  diminishing.  A  series  of  images  of  the  flame, 
consisting  of  elongated  equidistant  tongues  with  depressions 
between  them,  is  thus  produced,  and  the  cause  of  the  pulsations 
exposed.  A  coal-gas  flame  escaping  from  a  circular  jet,  like 
that  at  B,  may  be  used  instead  of  the  hydrogen  flame. 

395.  Sympathetic  Vibration  is  also  called  vibration  by  influence. 
It  may  arise  in  two  ways :  1st.  By  direct  contact  with  the  vibrat- 
ing object,  ami  transmission  of  the  sonorous  undulations  there- 
fratn.  2d.  By  transmission  of  the  waves  through  air  without 
any  direct  contact  of  the  two  sounding  bodies,  and  when  they 
are  at  a  distance. 

Of  the  first  form  we  have  au  example  when  the  end  of  the 
htttfit  Of  a  vibrating  tuning-fork  is  placed  on  a  table  or  other 
resonant  surface.  The  vibration  is  then  communicated  to  an 
extended  area,  and  the  sound  greatly  increased,  though  it  does 
M  "iiihire  so  long  a  time.  Examples  of  the  application  of  this 
[in n (,'ij ikr  are  found  in  the  sounding  boards  of  pianos,  violins,  and 
■  her  musieal  instruments. 

Instances  of  the  second  form  of  sympathetic  vibration  are 
oftred  whenever  the  right  note  is  sounded  in  the  vicinity  of  a 
amorous  body  capable  of  emitting  that  note.  If,  for  example, 
s  given  note  is  struck  on  some  instrument  in  the  proximity  of  a 
piano,  tuned  in  harmony  therewith  and  with  the  dampers  raised, 
the  proper  string  on  the  piano  is  instantly  thrown  into  vibration, 
;»ul  it  answers  back  the  note  received.  If  two  glass  cylinders 
"f  similar  dimensions  are  adjusted  by  pouring  water  into  them 
"'itil  they  give  forth  the  same  note,  and  oue  is  sounded,  the 
•tlierat  once  takes  up  the  note,  and  continues  to  give  it  forth 
■ong  after  the  first  ha3  become  silent.     A  harp,  or  guitar,  may 

Am  he  heard  taking  part  in  the  conversation  in  its  neighbor- 
hood. The  jingling  sounds  given  forth  by  wine  and  other  glasses 
Rh«n  a  piano  is  in  action,  arise  in  the  same  way.  The  violence 
tremor  produced  is  frequently  so  great  that  a  goblet  may, 
ruling  a  note  on  a  violin  near  by,  be  made  to  fall  on  the 
*(»r  if  the  table  be  slightly  inclined  and  hare  of  covering. 

386.  Sensitive   Flames. — GaB  flames  may  in   like  manner  be 
•  I  to  be  affected  by  certain  tones,  and  respond  to  them 
*»Mrer   produced  in  their  vicinity.     The  best  way  of  form- 
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iug  such  a  sensitive  Jiame  is  to  burn  coal-gas  under  sufficient 
pressure  from  a  conical  orifice  to  make  a  tapering  flame  about 
fifteen  inches  in  length.  If  the  hands  be  clapped  in  the  vicinity 
of  such  a  flame,  after  it  has  been  properly  adjusted,  its  tall  quiver- 
ing form  instantly  drops  to  half  its  height.  It  may  spread  out 
laterally  and  assume  the  fish-tail  shape.  The  moment  the  sound 
ceases  it  instantly  reassumes  its  proper  form. 

Sensitive  flames  take  cognizance  of  a  great  variety  of  sounds; 
a  tap  on  a  table,  clinking  of  money,  creaking  of  shoes,  crump- 
ling of  paper,  shaking  a  bunch  of  keys,  all  throw  it  into  a  state 
of  excitement. 

If  a  person  whistle  in  the  presence  of  a  sensitive  flame,  when 
the  proper  note  is  produced  it  instantly  shrinks  and  echoes 
back  the  same  note.  To  a  hiss  such  flames  are  especially  re- 
sponsive, they  will  quiver  every  time  a  word  containing  the  letter 
s  is  pronounced  in  their  vicinity,  though  the  person  speaking 
passes  away  to  a  considerable  distance. 

While  affected  by  a  great  number  and  variety  of  sounds, 
sensitive  flames  do  not  respond  to  the  bass  notes  of  a  piano. 
High  notes  on  a  violin  affect  them,  and  they  will  dance  in 
perfect  time  to  a  tune  played  on  most  musical  instruments. 

397.  Production  of  Abnormal  Sounds  in  the  Chest. — According 
as  the  lungs,  heart,  and  arteries  of  the  chest  are  affected  by  dis- 
ease, certain  abnormal  sounds  appear  which  are  indicative  of 
changes  which  have  taken  place  therein  (379). 

In  diseased  conditions  of  the  lungs  the  normal  respiratory 
murmur  produced  by  the  transit  of  air  along  the  passages  be- 
comes greatlv  altered.  These  changes  are  effected  in  various 
wavs:  1st.  the  secretion  of  the  mucous  membrane  may  be 
deficient  in  quantity,  thus  a  dryness  is  created  bv  which  the 
ordinary  respiratory  murmur  becomes  exaggerated  by  friction 
arising  simply  from  the  passage  of  air  over  a  dry  instead  of 
a  properly  lubricated  surface.  2d.  There  may  be  accumulation 
of  fluid  in  the  air  cells  ami  minute  or  capillary  bronchi  commu- 
nicating therewith.  The  bubbling  of  air  through  this  gives 
rise  to  a  tine  crackling  or  crepitant  sound.  3d.  Plugs  of  touj?h 
mucus  accumulating  in  the  medium  sized  aud  large  bronchi  are 
thrown  into  vibration  by  the  passage  of  air.  The  gaseous 
contents  of  the  tubes  arc  thus  caused  to  oscillate,  and  Kissing, 
squeaking,  crowing  whistling  sounds  arise,  these  are  the  rales 
and  rhonchi  of  which  physicians  speak,  and  which  may  often 
be  heard  at  a  distance  of  some  feet  from  a  person  suffering  with 
bronchitis.  Finallv  the  lunar  structure  mav  become  consolidated 
ar.d  the  admission  of  air  prevented:  this,  of  course,  is  attended 
by  c»'inpVte  suppression  in  the  affected  part  of  all  natural 
sounds  produced  during  healthy  respiration. 
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Passing  from  consideration  of  changes  in  the  interior  of 
the  lung  to  those  which  take  place  in  its  covering  membrane, 
or  pleura,  and  the  cavity  in  which  the  lung  is  suspended,  we 
find  :  That  when  fibrinous  matter  appears  on  the  surface  of  the 
lung,  or  on  the  inner  wall  of  the  chest,  the  membrane  or  pleura 
losing  its  smoothness  becomes  roughened ;  the  two  surfaces  no 
longer  glide  over  in  a  noiseless  manner,  but  various  rubbing, 
and  other  harsh  sounds  arise  which  indicate  the  change  that 
has  occurred. 

In  health  the  sounds  of  the  heart  are  expressed  by  the  syllables 
lubb-dup.  Of  these  the  second  is  simple,  it  is  evidently  caused 
by  closure  of  the  semilunar  valves.  The  first  is  compound, 
being  possibly  partly  muscular,  but  chiefly  valvular,  and  corre- 
sponding to  closure  of  the  auriculo-ventricular  openings.  With 
diseased  conditions  of  the  valves  great  changes  in  the  heart 
sounds  are  produced.  If,  for  example,  their  lips  are  roughened 
by  fibrinous  or  osseous  deposits,  vibrations  are  created  which 
originate  new  or  abnormal  sounds  that  attend  the  sound  or 
passage  of  blood  through  them.  If  they  fail  to  close  the  open- 
ings properly,  the  blood  passing  backwards  after  imperfect 
closure  originates  new  regurgitant  murmurs,  or  other  noises, 
which  attend  proper  heart  sounds. 

In  its  passage  along  the  great  arteries  of  the  chest,  no  sounds 
other  than  those  of  the  heart  are  heard,  but  with  changed  con- 
ditions of  the  arteries,  as  in  atheromatous  or  osseous  deposits 
on  their  inner  coat,  or  the  formation  of  aneurismal  sacs,  noises 
produced  by  passage  of  the  blood  over  rough  surfaces  or  its 
entrance  into  the  aneurismal  cavity  arise ;  these  are  known  as 
aneurismal  murmurs. 
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CHAPTER    XIY. 

SPECIAL   PROPERTIES  OF  SOUND. 

Special  properties  of  sounds — Intensity  of  sounds — Diminution  in  intensity  o*^ 
sounds — Increase  in  intensity  of  sounds — Reinforcement  of  sounds — Resonanc^^ 
and  percussion — Interference  of  sound  undulations — Pitch  or  tone — Savart'* 
wheel — The  siren — The  graphic  method — Limits  of  perception  of  vibrations 
— The  octave — The  gamut  and  chromatic  scale — Musical  notation — Number 
of  vibrations  to  each  tone — Harmonics,  overtones — Quality  or  timbre— Wave- 
lengths of  sounds  in  air. 

398.  Sounds  do  not  act  alike  upon  our  sense  of  hearing.  The 
differences  presented  may  be  grouped  under  three  divisions, 
viz. :  1st.  Intensity  or  loudness.  2d.  Pitch  or  height,  by  this 
we  mean  that  it  is  high  or  low,  acute  or  grave,  in  the  musical 
scale.  3d.  Quality,  timbre,  stamp,  or  color,  by  which  terms  we 
indicate  that  the  same  note  varies  when  produced  on  different 
instruments ;  on  the  cornet  and  piano,  for  example. 

399.  Intensity  of  Sounds. — Regarding  the  cause  of  the  loudness 
of  sounds,  a  very  simple  experiment  will  satisfy  us.  Let  a  given 
low  or  bass  string  on  the  piano  be  struck  softly,  the  string  in 
emittiug  the  note  will  be  seen  to  vibrate  with  a  small  amount  of 
amplitude.  Then  let  the  same  note  be  struck  with  vigor,  a 
much  louder  sound  is  produced,  and  the  string  is  seen  to  have  a 
far  greater  extent  of  vibration.  As  the  note  gradually  dies 
awav  the  amplitude  of  vibration  becomes  less  and  less  until  it 
is  lost. 

The  intrinsic  or  original  intensity  of  any  sound,  therefore, 
depends  upon  the  amplitude  of  vibrations  in  the  sonorous  body, 
or  the  force  with  which  they  are  executed.  In  comparison  with 
waves  on  water  it  would  be  represented  by  the  height  of  the 
wave  (131V  Doubling  or  tripling  the  extent  of  vibration,  in- 
creases intensitv  four  and  nine  times. 

Lord  Kayleigh  determined  the  amplitude  of  oscillation  in  the 
case  of  waves  produced  by  a  pipe  which  sounded  the  note/1*, 
that  could  be  heard  at  a  distance  of  820  metres,  and  found 
it  was  less  than  one  ten-millionth  of  a  millimetre. 

400.  Diminution  in  Intensity  of  Sounds, — In  this,  as  in  the  dis- 
cussion oi  many  other  matters  in  connection  with  sound,  the 
subject  may  be  viewed  in  two  ways :  1st,  as  regards  vibrations 
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in  the  body  wherein  it  originates ;  and,  2d,  the  waves  by  which 
it  reaches  the  ear  through  the  air  or  other  conducting  elastic 
medium. 

In  the  present  case,  diminution  in  intensity  may  arise  from  the 
fact  that  the  original  vibrations  in  the  sonorous  body  are  small 
in  their  amplitude.  Setting  this  cause  aside,  and  dealing  with 
that  of  the  propagation  through  the  air  or  other  medium  to  the 
ear,  we  have  the  following  causes  of  diminution  in  intensity  : 

1st.  The  effect  of  distance  in  the  open  air;  with  this  all  are 
familiar.  The  law  under  which  diminution  takes  place  is  that, 
the  intensity  of  the  sound  is  inversely  as  the  square  of  the  distance  of  the 
sonorous  body  from  the  ear. 

2d.  Another  cause  is  the  diminution  in  density,  or  elasticity, 
of  the  air  or  other  medium  by  which  sound  is  transmitted.  Of 
this  we  have  an  illustration  in  the  experiment  of  the  bell  in 
vacuo;  as  the  air  is  exhausted  loudness  of  the  sound  diminishes. 
In  rarefied  air  on  a  mountain-top  a  pistol  report  is  insignifi- 
cant, and  the  voice  becomes  remarkably  thin  and  weak.  In 
like  manner,  if  a  bell  be  rung  in  an  atmosphere  of  hydrogen, 
the  intensity  is  less  than  in  air. 

3d.  Variation  in  the  intensity  of  a  sound  at  a  distance  is  also 
produced  by  the  action  of  winds.  During  a  calm,  sound  is  pro- 
pagated with  great  facility.  While  a  wind  is  prevailing,  sound 
to  better  heard  at  the  same  distance  in  the  direction  of  the 
Moving  air  than  against  it. 

4th.  Stratification  of  the  air  exerts  a  singular  effect  in  lessen- 
ing" the  intensity  of  a  sound.     Of  this,  Ganot  says :   u  Different 
parts  of  the  earth's  surface  are  unequally  heated  by  the  sun, 
°t*'ing  to  the  shadows  of  trees,  evaporation  of  water,  and  other 
causes,  so  that  in  the  atmosphere  there  are  numerous  ascending 
and  descending  currents  of  air  of  different  density.     Whenever 
a  sonorous  wave  passes  from  a  medium  of  one  density  into 
Mother  it  undergoes  partial  reflection,  which,  though  not  strong 
enough  to  form  an  echo,  distinctly  weakens  the  direct  sound. 
This  is  doubtless  the  reason,  as  Humboldt  remarks,  why  sound 
teasels  further  at  night  than  at  daytime.,, 

.  *c  It  has  generally  been  considered  that  fog  in  the  atmosphere 
If  **  great  deadener  of  sound;  it  being  a  mixture  of  air  and  glo- 
bal ^8  of  water,  at  each  of  the  innumerable  surfaces  of  contact  a 
P?**"tion  of  the  vibration  is  lost.  The  evidence  as  to  the  influence 
°*  ^-"fcis  property  is  conflicting;  recent  researches  of  Tyndall  show 
Jr^^  a  white  fog,  or  snow,  or  hail,  are  not  important  obstacles  to 
tbci  transmission  of  sound,  but  that  aqueous  vapor  is.  Experi- 
n*^*3ts  made  on  a  large  scale,  in  order  to  ascertain  the  best  form 
°*    ^°g  signals,  give  some  remarkable  results. 

***  On  some  days  which  optically  were  quite  clear,  certain  sounds 
^^ald  not  be  heard  at  a  distance  far  inferior  to  (even  less  than 


one-third)  that  at  which  they  could  be  heard  during  :t  thick  haze. 
Tyndall  ascribes  this  result  to  the  presence  in  the  atmospln/rt- 
of  aqueous  vapor,  which  forms  innumerable  itrfa  that  do  not 
interfere  with  its  optical  clearness,  but  render  it  acoustically 
turbid,  the  sound  being  reflected  by  this  invisible  vapor  just  as 
light  is  by  a  visible  cloud. 

"In  1822  experiments  were  made  on  sound  by  a  commission 
near  Paris.  In  these  cannon  were  fired  at  two  stations  twelve 
miles  apart.  On  one  occasion,  while  all  the  shots  fired  at  the 
first  station  were  heard  at  the  second,  only  one  out  of  the  twelve 
tired  at  the  second  were  heard  at  the  first.  As  there  was  no 
wind  at  the  time  to  account  for  this  difference,  Professors  Stokes 
and  Reynolds  explained  it  upon  the  theory  of  refraction  (385). 
The  rays  of  sound,  they  said,  like  those  of  light  and  heat,  are  sub- 
ject to  refraction  when  they  pass  from  one  medium  into  another 
Of  a  different  density.  The  sound  under  these  circumstances  is 
lifted  from  the  ground,  and  may  be  heard  at  a  high  but  not  at  a 
low  level. 

"  These  conclusions,  firBt  drawn  from  observations,  have  been 
verified  by  laboratory  experiments.  Tyndall  has  shown  that  a 
medium  consisting  of  alternate  layers  of  light  and  heavy  gas 
deadens  sound,  and  also  that  a  medium  consisting  of  alternate 
strata  of  heated  and  ordinary  air  exerts  a  similar  influence. 
The  same  is  the  case  with  an  atmosphere  containing  the  vapors 
of  volatile  liquids.  So  long  as  the  continuity  of  air  is  pre- 
served, sound  has  great  power  of  passing  through  the  inter- 
stices of  solids;  thus  it  will  pass  through  twelve  folds  of  a  dry 
silk  handkerchief,  but  is  stopped  by  a  single  layer  if  it  is 
wetted." 

401.  Increase  in  Intensity  of  Sounds  m:iy  be  produced  :  1st.  By 
increase  in  amplitude  of  the  vibration  in  the  sonorous  body. 
This  we  need  not  discuss. 

2d.  By  increase  in  the  density  and  conducting  power  of  the 
medium  through  which  the  sound  is  passing.  In  operations  in 
caissons,  for  example,  when  the  foundations  of  the  pier*  of 
bridges  are  to  be  laid  in  deep  water,  the  compression  of  air 
may  be  carried  to  a  number  of  atmospheres.  Under  these  cir- 
cumstances its  conducting  power  is  greatly  increased  and  sounds 
become  intolerably  intense.  The  substitution  of  a  medium  of 
higher  density  and  conducting  power,  as  of  carbonic  acid  gas 
for  ordinary  air,  also  increases  the  intensity  of  transmitted  sound. 

3d.  By  reinforcement. 

402.  Reinforcement  of  Sounds  may  be  accomplished  in  three 
ways:  1st.  By  resonance  or  synchronous  vibrations  in  other 
bodies;   2d.  By  reflection ;  3d.  By  refraction. 
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Resonance  may  be  defined  as  a  sympathetic  vibration  (395), 
resulting  from  the  accumulation  of  small  periodic  impulses  im- 
parted by  one  sonorous  body  to  another  whose  period  or  time 
of  vibration  is  synchronous  with  it.  Thus  increased  amplitude 
of  movement  is  produced,  just  as  when  one  person  in  swinging 
another  gives  a  great  extent  of  oscillation  by  repeated  pushes 
of  moderate  force. 

The  apparatus  represented,  Fig.  167,  was  contrived  by  Savart 
to  illustrate  this  method.     It  consists  of  a  brass  bowl  A,  which 

Pio.  167. 


Reinforcement  of  sound. 


• 

?8  made  to  vibrate  by  means  of  a  violin  bow.  On  bringing 
into  its  vicinity  a  hollow  cylinder  of  card-board  B,  closed  below 
*ud  open  above,  the  intensity  of  sound  is  greatly  increased,  the 
a,r  in  the  card-board  box  being  thrown  into  vibrations  which 
*r©  synchronous  with  those  of  the  brass  vessel.  By  moving  the 
k°ttom  of  the  card-board  cylinder  higher  up  or  lower  down, 
*ud  varying  its  capacity,  its  point  of  maximum  action  is  easily 
found. 

The  sounding-boards  or  boxes,  of  stringed  instruments  act  in 
aw  similar  manner,  their  vibrations  and  that  of  the  included 
A,r  resulting  partly  by  transmission  through  the  bridge,  and 
Partly  by  sympathetic  vibration  through  the  air.  The  smooth 
curved  spiral  surfaces  of  the  interior  of  many  shells  enable  them 
to^  collect  and  reproduce  sounds  which  reach  them.  Thus 
*rises  the  "  curious  murmuring  resonance"  that  is  heard  when 
thejr  are  held  to  the  ear,  and  which  in  the  fancy  of  our  fore- 
fathers was  ascribed  to  some  occult  influence  of  their  ocean 

According  to  some,  the  sound  heard  in  a  shell  is  the  result  of 
the  contact  of  its  mouth  with  the  warm  skin  of  the  face,  which 
^•t^blishes  currents  of  air  that  are  reverberated  in  its  spiral 

Tlie  cause  of  reinforcement  bv  reflection  (384)  arises  in  the 
wet,  that  a  great  extent  of  sound  undulations  is  brought  down 
to  the  same  focus.  It  is  the  reverse  of  what  happens  in  the  dis- 
ftipation  of  sound  (877).     If  under  these  conditions  of  reflection, 
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the  undulations  are  of  considerable  wave-length,  they  will  agree 
so  nearly  in  phase  that  there  will  be  but  little  interference,  and 
the  increase  in  intensity  will  follow  very  closely  upon  increase 
in  the  coudensing  surface. 

Reinforcement  by  refraction  (385)  is  somewhat  more  complex 
in  character  than  reinforcement  by  reflection.  It  requires  the 
use  in  the  convex  membranous  chamber  of  a  gas  denser  than 
air,  carbon  dioxide,  for  example.  The  general  principles  are 
the  same  as  for  light  (490). 

403.  Resonance  and  Percussion. — As  we  have  stated  in  the  pre- 
ceding article,  the  accumulation  of  sonorous  impulses  by  an 
enclosed  mans  of  air  produces  resonance,  or  an  increase  in  the 
intensity  of  a  Bound.  This  property  of  resonance  has  valuable 
applications  in  the  art  of  diagnosis,  as  it  enables  physicians  to 
determine  whether  a  given  space  or  cavity  contains  air,  or  not. 

The  simplest  illustration  of  the  resonant  property  of  enclosed 
air  may  be  obtained  by  tapping  on  the  outside  of  a  closed  keg 
partly  filled  with  water.  While  the  blows  are  delivered  on  the 
portion  occupied  by  water,  only  a  dull  or  flat  sound  can  be 
elicited ;  but  the  moment  they  are  transferred  to  the  portion 
occupied  by  air,  a  loud  resonant  note  is  produced. 

In  like  manner,  if  we  place  the  index  finger  of  the  left  band 
on  the  chest  wall,  and  with  the  index  and  middle  tinker  of  the 
right  hand  strike  quick  sharp  blows  upon  the  index  of  the 
left,  the  chest  emits  a  resonant  sound  as  it  is  filled  with  air 
contained  in  the  expanded  lung.  To  this  manipulation  the 
name  of  pcrrussiort  is  given. 

If  percussion  is  applied  in  the  same  way  to  the  cheat  of  a  person 
in  whom  the  lung  is  consolidated  by  pneumonic  or  tuberculous 
deposits,  or  whose  pleural  eavity  is  filled  with  fluid  or  other 
exudation,  only  a  dull  flat  sound  can  be  evoked;  the  resonance 
previously  obtained  is  entirely  lost,  and  the  result  may  be  com- 
pared to  that  produced  by  applying  percussion  to  the  muscles  of 
the  thigh. 

Any  cause  which  increases  the  amount  of  air  in  the  lung  will 
add  to  its  resonant  property.  Therefore,  in  emphysema  or 
enlargement  of  the  air-cells;  in  the  formation  of  cavities  which 
follows  tubercle  and  gangrene;  in  perforation  of  the  lung  and 
escape  of  air  into  the  pleural  cavity,  a  notable  increase  in  this 
respect  is  found  on  examination  by  percussion. 

Any  change  in  the  normal  area  occupied  by  the  heart  ta  also 
at  once  detected  by  an  increase  of  the  area  of  dulness  it  affords 
ou  application  of  percussion  to  the  chest.  Tumors  of  all  kinds, 
especially  those  which  are  aneurismal,  indicate  their  presence  in 
the  chest  by  creating  abnormal  regions  of  daloetft 

Percussion  is  also,  at  times,  a  valuable  aid  in  determining  the 
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condition  of  the  abdominal  viscera.  Tympanites  or  increase  of 
air  in  the  intestines,  or  its  appearance  in  the  abdominal  cavity, 
10  at  once  detected  by  increased  resonance.  Enlargement  of 
organs,  as  the  uterus  in  pregnancy,  the  ovaries  in  the  growths 
which  affect  them,  and  the  liver  in  certain  diseases,  is  at  once 
demonstrated  by  increase  or  change  in  the  areas  of  dulness 
which  they  give  in  the  normal  state. 

401  Interference  of  Sound  Undulations. — In  (371)  it  was  stated 
that  two  systems  of  waves  on  water  may  interfere  in  such  a 
anner  as  either  to  reinforce,  or  neutralize  one  another.     The 
me  phenomena  arise  in  the  case  of  sonorous  waves. 
If  two  systems  of  sound  undulations  pass  along  the  same 
edium,  the  motion  of  any  particle  of  the  medium  is  determined 
the  motions  of  the  two  systems.     If  both  the  systems  are  in 
esame  phase,  the  resultant  is  their  sum.    If  in  opposite  phases 
is  their  difference,  since  they  partially  neutralize  each  other; 
the  waves  are  equal  as  well  as  opposite,  it  is  zero,  and  silence 
produced. 

For  the  complete  extinction  of  two  sets  of  sound  waves  the 
refied  parts  of  one  system  must  be  the  exact  equivalent  of  the 
eondensed  portions  of  the  other.     This  is 
riot  easy  of  attainment  in  actual  practice. 
A.«  approximate,  may,  however,  be  reached 
t>y  the  experiment  illustrated  in  Fig.  168. 
In  this  A  and  B  represent  two  tuning-forks 
of  the  same  note,  and  C  a  glass  jar  into 
which  water  has  been  poured  to  bring  it  in 
resonant  relation  with  the  forks.     The  fork 
B  is  then  armed  on  one  of  its  prongs  with 
a  small  pellet  of  wax.     If  either   of  the 
forks  is  sounded  over  the  jar,  it  gives  forth 
a  clear  continuous  sound.      But,  if   both 
*re  sounded  at  the  same  time,  the   slight 
difference  in  the  rate  of  vibration  of  B  pro- 
duced by  the  pellet  of  wax  causes  the  two 
tystems  of  modulations  to  interfere,  and  the  sound  varies  from 
foment  to  moment,  being  louder  than  either  fork  can  produce 
jjjone  at  one  moment,  and  fading  away  to  silence  in  the  next. 
Thus  a  series  of  beats  or  pulsations  is  produced,  the  sound  being 
louder  when  the  undulations  agree  in  phase,  and  silence  result- 
lI*g  vrhen  they  are  in  opposite  phases. 

So  long  as  the  two  notes  are  nearly  alike,  the  beats  are  few, 
**y  from  four  to  six  in   a  second.     When  they  are  very  dif- 
ferent the  beats  become  partly  fused  on  account  of  their  greater 
frequency  and  a  harsh  grating  sound  is  produced ;  with  a  still 
greater  difference  a  cutting  character  is  assumed.     This  is  called 
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dissonance,  and  Helmholtz  slates  that  when  the  boats  roach  33 
per  second  the  dissonance  is  intolerable;  beyond  this  the  rough- 
ness lessens  and  when  the  beats  reach  132  per  second  it  disap- 
pears. 

In  the  "  Am.  Journal  of  Sciences  and  Arts,"  vol.  xii.  page  329, 
Professor  A.  M.  Mayer  gives  a  very  interesting  account  of  the 
physiological  effects  of  the  interference  of  different  sounds.  The 
paper  deals  with  the  following  subjects.  1st.  The  obliteration 
of  the  sensation  of  one  sound  by  the  simultaneous  action  on  the 
ear  of  auother  more  intense  and  tower  sound.  2d.  A  sound 
even  when  intense  cannot  obliterate  the  sensation  of  another 
sound  lower  in  pitch.  3d.  Proposed  change  in  management  of 
orchestras  in  connection  with  these  facts. 

405.  Pitch  or  Tone. — The  position  of  a  tone  in  the  musical 
scale,  or  its  pitch,  is  determined  by  the  number  of  vibrations  in 
a  second.  If  in  this  time  500  oscillations  arc  made,  then  500  is 
called  the  number  of  vibrations,  and  5jhfth  of  a  second  the 
time  of  vibration  or  period.  The  greater  the  number  of  pulsa- 
tions the  higher  the  pitch.  This  may  be  roughly  shown  In 
drawing  the  finger-nail  across  the  teeth  of  a  comb.  If  the 
movement  is  slow,  and  the  number  of  strokes  small,  the  sound 
is  low  or  grave ;  if  quick,  and  the  number  of  strokes  great,  it 
is  high  or  acute. 

Various  methods  have  been  devised  for  the  determination  of 
the  number  of  vibrations  required  to  produce  a  given  tone.  They 
are  Savart's  wheel,  the  siren,  and  IHihamel's  graphic  method. 

406.  Savart'a  Wheel  consists  of  a  wheel,  B,  its  circumference 
armed  with  projections  or  teeth  like  those  on  a  cog-wheel.     Its 


axis  carries  a  small  pulley  around  which  a  band  or  cord,  D. 

E  asses,  which    receives  motion   from   a  large  wheel  A,  driven 
y  the  winch-handle  M.     At  E  a  piece  of  card-board  Is  brought 
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iu  contact  with  the  teeth  of  B  while  in  rapid  revolution.  The 
striking  ol  the  teeth  on  the  card  as  they  pass  by  its  edge  throws 
it  into  vigorous  oscillation.  According  as  the  movement  is  in- 
creased in  rate  the  vibration  of  the  card  is  intensified,  and  a 
higher  or  more  acute  sound  is  produced. 

Counting  the  number  of  teeth  in  the  wheel  B,  and  the  number 
of  revolutions  produced  by  each  turn  of  the  winch  M,  and 
multiplying  them  together,  we  have  the  total  vibrations  pro- 
duced in  the  card  E  for  each  turn  of  the  winch-handle.  It 
only  remains  to  determine  the  rate  of  revolution  of  the  winch- 
liandle  to  find  the  number  of  vibrations  of  the  card  per  second 
that  yields  any  given  tone. 

407.  The  Biren  was  so  called  by  its  inventor  because  it  will 
give  forth  sound  under  water.  In  it,  various  tones  are  emitted, 
not  by  setting  a  solid  body  to  vibrate,  but  by  producing  a  series 
tf  [mtfs  of  air  in  rapid  regular  succession.  It  consists  essentially 
of  a  circular  series  of  holes  iu  a  disk  of  cardboard  or  metal,  A, 
mounted  on  an  axis  of  revolution.     A  tube,  B,  delivers  a  stream 


T 


or  air  against  one  side  of  the  disk.  When  the  opening  of  the 
air  tube  is  opposite  one  of  the  holes  a  pull'  of  air  passes  through, 
when  opposite  an  interval  the  passage  of  air  is  obstructed.  IJy 
rueans  ot  suitable  machinery  rapid  revolution  is  giveu  to  the 
disk,  the  number  of  puffs  of  air  in  a  given  time  is  thus  iucreased 
at  the  will  of  the  operator,  and  any  desired  tone  produced. 
The  number  of  puff*  passing  through  the  disk  is  registered  by 


, 
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the  instrument  itself  C,  and  the  number  of  vibrations  required 
for  the  sounding  of  any  tone,  is  determined  by  merely  reading 
the  indications  of  the  index. 

Comparing  the  tone  obtained  by  a  given  number  of  vibrations 
a8  recorded  by  the  siren,  with  that  produced  by  the  same  num- 
ber by  Savart's  wheel,  we  find  that  their  pitch  is  the  same.  In 
music  such  tones  are,  therefore,  said  to  be  "in  unison,"  re- 
gardless of  the  instruments  by  which  they  may  be  formed. 

In  the  perfect  kinds  of  siren  the  rate  of  revolution  of  the  disk 
or  lid  is  determined  by  the  pressure  of  the  air  employed  in  work- 
ing the  apparatus.  The  wind  or  air  enters  by  the  pipe  B,  from 
a  bellows  or  other  source,  into  the  close  box,  in  the  lid  of  which 
is  a  series  of  holes  corresponding  with  those  in  the  rotating  disk. 
The  holes  are  not  bored  directly  through,  hut  obliquely,  slanting 
iu  one  direction  through  the  lid  of  the  box,  and  in  the  opposite 
direction  through  the  disk  A. 

The  disk  is  impelled  round  its  axis  by  the  wind  as  it  issues 
through  the  lower  set  of  boles  into  the  upper.  To  apply  it  to 
the  determination  of  the  number  of  vibrations  producing  any 
given  tone,  the  pressure  in  the  siren  ib  increased  until  it  gives  a 
tone  in  unison  with  that  to  he  measured.  The  siren  is  then 
sounded  for  a  given  number  of  seconds,  the  number  of  puffs  or 
pulsations  for  that  time  determined,  and  from  this  the  number 
nl  vibration  a  per  second  obtained,  by  dividing  it  by  the  number 
of  seconds  during  which  the  observation  lasted.  The  sireu  thus 
demonstrates  the  cause  of,  ami  defines  the  exact  relation  between, 
those  differences  of  pitch  which  are  the  basis  of  the  musical 
sense,  and  discernible,  with  more  or  less 
Fl0'  171'  nicety,  by  most  individuals. 

408.  The  Graphic  Method. — In  both  the 
preceding  methods  for  the  determination 
of  the  number  of  vibrations  required  to 
produce  any  given  tone,  a  practised  ear 
is  required,  and  even  then  there  is  a 
certain  amount  of  difference  in  the 
results  obtained.  In  the  graphic  method 
of  Duhamel  this  error  is  avoided. 

The  arrangement  is  represented  in 
Fig.  171.  A  is  a  cylinder  rotating  about 
a  vertical  axis  B.  This  is  oovmd  with 
u  sheet  of  paper,  on  which  a  film  of 
lampblack  has  been  deposited,  l-t/  fnfUirM 

it  in  the  smoke  from  burning/  camphor.    This  serves  as  the  means  of 

registration,  as  follows: 

Suppose  the  vibrations  to  be  examined  are  produced  by  •  rtBtJ 

rod.     The  rod  is  fixed  in  a  vice  C;  to  its  extremity  a  fine  wire 
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is  attached  which  may  be  made  to  touch  the  surface  of  the 
cylinder.  This  being  caused  to  rotate,  and  the  point  attached  to 
the  steel  rod  made  to  touch  it,  a  straight  line  is  formed  by  the 
removal  of  the  lampblack.  The  rod  is  then  struck,  when  at 
once  the  line  produced  is  wave-like  in  character,  corresponding 
to  the  oscillations  of  the  rod. 

For  the  determination  of  the  number  of  vibrations,  a  tuning- 
fork,  which  emits  a  tone  of  about  the  same  pitch  as  the  sounding 
rod,  and  the  rate  of  vibration  of  which  is  known,  is  mounted  in 
a  block  D.  One  arm  of  this  also  bears  a  pointer  which  may  be 
m*&«le  to  touch  the  blackened  paper.  The  fork  and  the  rod  are 
sounded  at  the  same  time,  and  their  pointers  brought  in  contact 
with  the  revolving  paper.  Two  systems  of  wave-like  registra- 
tions are  thus  produced  one  above  the  other.  The  number  of 
ves  in  a  given  extent  of  each  system  is  counted,  when  a 
pie  calculation  gives  the  rate  of  vibration  of  the  rod. 
Suppose,  for  example,  the  rate  for  the  fork  is  500  per  second, 
cl  that  while  the  tuning-fork  made  150  the  rod  made  165. 
en,  as  the  vibrations  of  the  fork  are  to  those  of  the  rod,  so 
the  number  per  second  of  the  fork  to  x,  the  number  per 
s«<M)nd  of  the  rod;  or  as  150  :  165  : :  500  :  x  =  550,  the  number 
oscillations  per  second  of  the  rod. 

If  the  lower  part  of  the  axis  of  the  revolving  cylinder  is  a 
r«w  traversing  in  a  nut,  as  the  cylinder  turns  it  will  be  either 
^^^x-ered  or  raised,  according  to  the  direction  in  which  it  rotates. 
■"3r  this  device  the  pointers  make  a  spiral,  instead  of  a  horizontal 
^■■^ciiig,  and  records  covering  a  number  of  revolutions  may  be 
°*>  Gained. 


408.  Limits  of  Perception  of  Vibrations. — This  varies  with  the 
-*«iitory  peculiarities  of  the  observer,  and  to  a  certain  extent 
wi*h  the  method  of  experimentation.     The  different  estimates 
a**^  as  follows : 

/ Number  of  vibration*  per  second. > 

Lowest  or  grave  tone.       Highest  or  acute  tone. 

Before  Savart's  time       ....          16  9,000 

Savart's  experiments  7  to  8  24,000 

Denpretz 16  24,000 

Helmholtz 30  to  40  38,000 

Preyer 16  to  24  41,000 

^  ^.ny  persons  were,  however,  found  who  could  not  appreciate 
De**fce8  of  16,000  and  even  less  than  12,000  vibrations  per  second. 
C3reat  variations  in  the  pitch  of  notes  have  arisen  in  the  prog- 
^a  of  time.  In  an  article  by  Mr.  Ellis,  in  "  Nature,"  vol.  xxi. 
P^^e  550,  it  is  shown  that  for  A  the  variations  have  extended 
■j^^m  370  to  567  vibrations  per  second,  the  present  standard 
^^^ng  435.4,  that  of  the  "Diapason  Normal,"  at  the  Conserva- 
u  *>  *e  at  Paris. 
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In  writteu  music,  notes  are  indicated  by  signs  placed  upon  a 
-—  of  five  lines,  called  a  start.     According  to  this  method,  the 


t 

i 

c 


410.  The  Octave. — Two  tones  sounded  separately  may  be 
musical,  but  it  by  no  means  follows  that  when  they  are  sounded, 
together  they  will  produce  a  pleasing  effect  upon  the  ear.    _I£ 
they  are  not  concordant  the  effect  is  harsh  and  glaring.    ^nMa\5Z 
ing  into  the  numerical  relation  which  two  tones  must  possess       ^ 
approach  the  nearest  in  their  characters,  we  find  that  this 
attained  with  the  proportion  of  vibrations  represented  by  2  = 
4  =  1,  etc. 

So  closely  do  two  tones  having  the  ratio  of  2  to  1  in  ^^~^\ 
number  of  oscillations  approach  each  other,  that  in  music  th*—^^  ^ 
receive  the  same  name.     If,  for  example,  the  first  receives  t 
designation  C,  the  other  is  called  c,  and  the  interval  betwee 
them  is  termed  an  octave. 

Not  only  does  the  octave,  or  eighth  note  to  the  first,  presen 
this  peculiarity,  but  as  we  pass  to  the  octave  of  this  second  not 
and  then  to  the  octave  of  this,  the  whole  series  of  octaves  o 
eighth  notes  blend  together  to  produce  an  agreeable  effect.    I 
music,  therefore,  the  complete  series  of  notes  employed  is  divid 
into  groups  of  octaves. 

411.  The  Gamut  and  Chromatic  Scale. — The  series  of  tones  into 
which  the  interval  between  C  and  its  octave  c  is  divided,  is 
called  the  gamut  or  diatonic  scale.  It  embraces  seven  tones,  which 
are  designated  by  the  letters  C  D  E  F  G  A  B. 

The  tones  of  the  gamut  are  also  known  by  names,  do  or  ut 
standing  for  C,  and  followed  by  rey  mi,  /a,  sol,  la,  si,  in  order. 

The  octave  is  subdivisible  into  a  much  greater  number  of 
recognizable  intervals  than  the  gamut.  In  the  musical  system 
generally  adopted  five  notes  are  added  to  the  gamut.  These  are 
represented  on  the  piano  by  short  raised  black  keys,  each  of 
which  is  called  the  flat  of  the  white  note  above,  or  the  sharp  of 
the  white  note  below.  To  the  complete  series  of  twelve  thus 
produced  the  name  of  chromatic  scale  is  given. 

418.  Musical  Notation. — To  designate  any  given  tone  in  the 
ordinary  range  of  music,  the  following  system  or  notation  has 
been  recommended.  The  octave  of  wnich  the  c  is  produced  by 
an  eight  foot  organ  pipe,  receives  the  capitals  C,  D,  E,  F,  Q,  A, 
B.  The  next  octave  above,  the  letters  c9d9  e9  etc.;  the  next 
€?y  d\  ef9  etc.  The  octaves  below  C  are  designated  by  the  capi- 
tals with  the  subsign,  e.  g.y  C\,  Dv,  etc.  We  thus  obtain  the  series 
of  octaves,  viz. : 


i<. 


SPECIAL    PROPERTIES    OF    SOUND. 


357 


octave  of  the  treble  deft,  of  which  the  top  note  is  the  standard 
e*9  and  the  bottom  the  middle  c9  is  written  as  follows : 


i- 


c 


d 


*        /        9 

Treble  stave. 


a 


e' 


on 


ol 


"When  the  notes  pass  beyond  the  five  lines,  they  are  written 

additional  short  lines,  called  ledger  lines,  as  is  the  case  with  c. 

t  the  lower  notes  a  base  cleft  is  employed.     The  base  and 

ble  may  be  said  to  meet  in  the  middle  c,  written  in  the  treble 

it  as 


in  the  base  as 


Fio.  172. 


<413.  Number  of  Vibrations  to  each  Tone. — On  a  piano  of  seven 
o^^aves  the  middle  note  c,  of  which  we  have  been  speaking, 
*»  produced  by  the  white  key  to  the  left  of  the  two  black  keys 
^^^urest  to  the  middle  of  the  key-board.  Musicians  have  gener- 
^-lljr  assumed  that  this  note  corresponds  to  256  double  vibrations 
l»*  a  second.  The  number  is  arbitrary,  and  was  selected  partly 
°** ^grounds  of  convenience,  since  it  is  a  power  of  two. 

*Tne  adjustment  of  "  unison,"  or  tuning  of  instruments  to  each 
°*ker,  is  obtained  by  means  of  the  tuning-fork,  described  in 
(«*S9).  To  increase  the  intensity  of  its  tone,  it 
tctay  be  fixed  in  a  resonance  box  open  at  one 
er*«],Fig.  172.  For  some  time  past  the  pitch 
°*  the  standard  forks  in  the  opera  houses  of 
***  ^  great  European  cities  has  gradually  in- 
c*~«aeed  at  different  rates,  which  caused  con- 
!*  ^-Serable  annoyance  to  musicians  in  passing 
r"*-»ra  one  to  another.  To  avoid  the  confu- 
8*  ^~^*n  thus  arising,  a  normal  tuning-fork  was 
opted  in  France.  It  vibrates  437.5  times 
a  second,  and  gives  the  standard  note  a  of 
^  treble  stave  (412).  In  reference  to  this 
ndard  the  middle  c  on  the  piano  is  pro- 
*-*ced  by  261  vibrations  in  a  second. 

In  addition   to  the   standard  tuning-forks   referred  to,  the 
*iglish  committee  appointed  by  the   Society  of  Arts  recom- 
mended one  with  528  double  vibrations  per  second,  which  repre- 
"*     nted  e7  in  the  treble  stave  (412),  or  264  for  the  middle  c.     It 


t 
eft 


Keaonaiice  box  and  fork. 
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is  virtually  the  same  as  the  Stuttgardt  tuning-fork  adopted  \+ 
1834,  which  makes  440  vibrations  per  second,  and  correspond* 
to  a  in  the  same  stave.    Accordiug  to  either  of  these  vmlu43>^» 
256,  261,  or  264,  for  the  middle  c,  the  number  of  vibrations 
any  note  of  the  gamut  may  be  estimated  from  the  following 
mula,  m  denoting  the  number  for  the  middle  c. 

ut  or  do         re        mi         fa        sol         la        si         do 

c  d  e  f  g  a  b  C* 

m  {m    jm    }m     }m     $m   ^  m    2m 

264       297    330    352    396     440   495    528 

With  the  key  note  making  440  vibrations  per  second,  th 
lowest  note  of  orchestral  instruments  is  the  Ev  of  the  doubl- 
bass,  produced  by  411  per  second.  Organs  go  down  to  Cu,  o 
32,  and  in  grand  pianos  Au  with  27$  per  second  is  reached 
The  notes  below  Ev  are  not  perfect. 

On  the  treble  side  pianos  reach  e%  with  4224  vibrations.    Th 
piccalo  flute  reaches  d\  with  4752.     Though  the  sounds  per 
ceptible  to  the  ear  range,  as  we  have  seen  (409),  from  16  to  41,000 
per  second,  or  over  eleven  octaves,  those  which  are  capable  or 
exciting  pleasure  are  confined  to  about  seven  octaves,  or  from 
near  40  to  about  4000. 

The  question  of  the  number  of  vibrations  producing  given 
tones  is  of  especial  importance,  since  the  tuning-forks  originating 
these  are  employed  in  the  physiological  measurement  of  brief 
periods  of  time,  and  of  rates  of  vibration,  as  in  (408). 

414.  Harmonies,  Overtones.  — The  formation  of  nodes  and  loops 
has  been  described  in  (388).  When  the  string  of  the  mono- 
cord  is  made  to  vibrate  throughout  its  whole  length,  the  sound 
produced  is  called  the  fundamental  tone.  Touching  the  string 
at  the  centre  with  the  soft  point  of  the  finger,  and  plucking  it 
near  one  end.  the  string  will  vibrate  in  two  sections,  a  node 
being  formed  at  the  point  touched.  The  rate  of  oscillation  of 
the  two  ventral  segments  will  be  double  that  made  bvthe  whole 
length  of  the  string,  and  the  tone  emitted  will  be  an  octave 
higher  than  the  fundamental  tone. 

Touching  the  string  again  at  ^  its  length  from  either  end,  it 
vibrates  in  three  sections  with  two  nodes:  the  number  of  move- 
ments is  now  three  times  that  of  the  fundamental  tone,  or  \  of 
the  octave,  which  is  the  twelfth  above  the  fundamental  tone,  and 
the  fifth  above  the  octave. 

Again  touching  it  at  one-fourth  its  length  from  either  end,  and 
plucking  it,  three  nodes  and  four  ventral  segments  are  formed, 
each  making  four  times  the  number  of  vibrations  of  the  funda- 
mental tone,  and  producing  the  tone  two  octaves  above  the  fun- 
damental tone.     This  may  be  continued  to  the  formation  of  5, 6, 
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7,  S,  or  12  ventral  segments,  each  having  a  Dumber1  of  vibrations 
inversely  as  the  number  of  segments,  and  producing  in  addition 
to  the  tones  already  mentioned,  the  third,  fifth,  and  a  tone 
between  the  sixth  and  seventh  of  the  second  octave,  and  so  oil. 

These  higher  tones  of  a  fundamental  tone  are  called  its  over- 
tones or  harmonica.  Whenever  a  string  vibrates  throughout  its 
whole  length,  it  also  vibrates  in  halves,  thirds,  fourths,  etc.,  the 
motion  not  being  simple  but  exceedingly  complex.  That  this  is 
the  case  is  proven  by  the  fact  that  a  trained  ear  can  detect,  in 
addition  to  the  fundamental  tone,  its  octave,  twelfth,  and  other 
overtones. 

If  the  overtones  are  not  easily  heard,  they  may  he  made  evident 
by  touching  o  nodal  point  of  the  string  with  the  ringer.  The 
fundamental  tone  is  thus  stopped,  while  the  overtones  corre- 
sponding to  the  node  touched  will  be  heard.  In  this  manner  the 
presence  of  one  overtone  after  another  may  be  demonstrated. 

Nearly  all  sonorous  bodies  besides  strings  produce  overtones 
in  addition  to  their  fundamental  tone  when  thrown  into  vibra- 
tion. These  tones  taken  together  constitute  a  note,  as  distin- 
guished from  a  simple  tone. 

415.  Quality  or  Timbre. — This  third  character  of  sound,  by 
which  we  recognize  a  note  of  the  same  pitch  as  it  is  produced 
on  different  instruments,  is  the  result  of  a  variety  of  causes. 

It   is  in  part  the  effect  of  feeble  sounds   which  attend  the 

manner  of  production  of  the  note,  for  example,  the   rushing  of 

the  air  which  forms  the  notes  of  a  flute ;  the  rapid  or  gradual 

decrease  in  intensity  as  in  the  piano,  or  the  uniformity  of  in. 

v  which  attends  the  notes  of  an  organ. 

Another  and  far  more  potent  cause  of  quality  in  a  note  is 
llie  nature  of  the  overtones  which  accompany  the  fundamental 

Fiu.   178. 


'  N 

s  \ 

N  J 

-'H 

y i^ 

K  ^ 

*-  > 

■"^ 

^\ 

\\^ 

\/- 

tone.  These  are  different,  not  only  in  various  sonorous  bodies, 
but  also  for  the  Barae  body  according  as  the  sound  is  produced. 
As  these  elements  vary,  the  character  of  the  wave  produced 
differs,  and  with  it  the  quality.  The  figure  will  enable  ub  to 
perceive  how  this  may  arise. 
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Suppose  ABC  are  three  waves  having  the  same  amplitude 
aud  the  same  period.     It  is  evident  that,  as  shown  in  Fi£.  173, 
their  mode  of  vibration  may  be  entirely  different.     It  is  alto 
clear  that  there  may  be  an  infinite  number  of  such  variations. 
It  is  to  this  change  in  manner  or  form  of  vibration,  that  differ- 
ence in  quality  is  to  be  ascribed. 


416.  Wave  Length  of  Sounds  in  Air. — As  in  the  examination  of 
the  intensity  of  a  propagated  sound,  the  amplitude  of  vibration 
of  the  air-waves  was  compared  to  the  height  of  waves  on  wat^T« 
so  in  the  case  of  pitch  we  may  institute  a  like  comparison,  aO* 
speak  of  sounds  as  having  different  wave  lengths.     The  wa^^ 
length  of  any  tone  is  obtained  by  dividing  the  velocity  of  soucp** 
(380)  by  the  number  of  oscillations.     From  this  it  follows  ths^* 
the  length  of  the  aerial  waves  diminishes  as  the  pitch  of  t\m  ^ 
notes  rises.     For  shrill  notes  they  are  short  and  rapid,  and  for*  ^ 
low  notes  long  and  slow.     When  the  middle  c  of  the  piano  i 
struck,  it  vibrates  about  264  times  in  a  second,  and  hence  se 
up  air-pulses  of  1120  feet  divided  by  264,  or  4J-  feet  in  length 
The  first  A  of  the  bass  (in  a  seven-octavo  piano)  produces  air 
waves  about  41  feet  in  length,  while  the  last  a  of  the 
sends  on  pulses  not  quite  4  inches  long.     The  latter  are  128 
times  more  rapid  than  the  former,  which  are  correspondingly 
longer.     If  the  sensibility  of  the  ear  nerves  is  to  be  judged  by 
the  range  of  audibility  of  musical  tones,  it  far  surpasses  that  of 
the  optic  nerves.     The  former  ranges  over  eleven  octaves,  while 
the  latter  barely  exceeds  a  single  octave. 


CHAPTER    XV. 

ANALYSIS   AND  SYNTHESIS   OF  SOUNDS. 

Helmholt/.s  rv*onators — K.'niir's  man«»mt-trio  tUines — K«>niiT*i»  *<>und  an*ivz*r — 
Synthesis  «'t"  >ounJ* — Koults  of  Helmh<»hz'»  tv*rtiivh« — Lbeajou's  meth«<i — 

lllu>tmti>n   of    Li<v*j«nr*   ourv»' Leon    Sout's    ph<»n autograph — EdbM»n'» 

ph*»n^t:rHj>h — Ao-u>tio  aitn*oti"n  ard  ropul*i««n. 

417.  Hcimholti't  Resonators. — The  properties  of  sympathetic 
vihmtion,  and  resonance  possessed  by  euclosed  masses  of  air 
have  boon  discussed  in  ^S*V*>  and  \401\.  In  accordance  therewith 
Helmholtz  devised  the  apparatus  called  the  resonator. 

In  its  earlier  form  this  instrument  was  a  spherical  copper  or 
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Fig.  174. 


brass  vessel.  On  one  portion  of  the  surface  there  was  an  opening 
which  received  the  sound;  opposite  to  this  a  smaller  opening  or 
tubulure  conveyed  it  to  the  auditory  canal. 

With  variation  in  the  capacity  of  resonators,  so  do  they  respond 
to  different  tones ;  it  is,  therefore,  only  necessary  to  be  supplied 
with  a  battery  of  these  instruments  of  different  sizes,  corre- 
sponding to  the  tones  to  be  detected,  and  we  have  the  means  of 
analyzing  any  sound  or  note. 

Konig  has  introduced  an  important  modification  of  the  original 
resonator ;  in  this  the  body  of  the  instrument  is  composed  of 
two  hollow  cylinders  one  of  which  slides 
telescopically  into  the  other,  as  shown  in 
Fig-.  i74#  Thus  the  volume  of  the  interior 
can  be  increased  or  diminished,  and  is  easily 
tuned  or  adjusted  to  a  number  of  different 
tones.  To  the  tubulure  a  rubber  tube  is  fitted 
by  which  vibrations  are  conducted  to  any 
desired  point. 

When   the  resonator  is  used  one  ear  is 
<2arefully  closed,  and  the   rubber  tube   at- 
tached to  the  tubulure  introduced  into  the 
auditory   canal   of  the  other.     All   sounds 
then  appear  to  be  stifled,  and  are  heard  as 
though  at  a  distance,  except  when  the  proper 
tone  of  the  resonator  is  produced,  this  at  once 
bounds  with  extreme  intensity,  booming  out 
ele&r  and  defined  from  amongst  the  confused 
**  **  m  of  the  others. 

In  reality  the  resonator  not  only  reinforces 
Jta  own  proper  tone,  but  also  th§  harmonies  of  that  tone;  but 
ln    this  case  the  intensity  is  so  much  less  than  that  of  the  true 
tone  of  the  instrument,  that  there  is  no  difficulty  in  forming  a 
c°rrect  opinion. 

-Applying  one  resonator  after  another  to  the  ear,  the  presence 
**r  absence  of  the  tones  they  represent  in  any  given  sound  may 
^.  determined,  and  thus  an  exact  analysis  of  the  sound  accom- 
plished.     By   this   method  Helmholtz  demonstrated  that  the 
^^ality  of  any  note  depends  upon  the  number,  pitch,  and  loud- 
n°^a  of  the  harmonics  or  overtones  it  possesses. 

*18.  Konig't  Manometric  Flames. — The  method  of  analysis  by 

re^onators  applied  to  the  ear,  can  only  be  used  by  one  person 

*\  si  time.     To  meet  this  objection  Konig  has  devised  an  inge- 

inoiib  apparatus,  whereby  a  number  of  persons  may  at  the  same 

tor*ie  witness  the  results  of  experiments  for  the  detection  and 

aft^lygjg  of  sounds  or  notes.     The  principle  upon  which  this  is 

N^oraplished  is  as  follows. 


Konig's  resonator. 


362 


AC0U8TICS. 


Fio.  175. 
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In  (391)  we  have  seen  that  tense  membranes  undergo  vibra- 
tion when  sounds  are  produced  in  their  vicinity.     Acting  upon     | 
this  fact,  Kouig  received  sonorous  undulations  upon  one  side  of 
a  membrane,  the  other  being  part  of  the  wall  of  a  small  cavity 

or  box  through  which  gas  passed  on  its  way 
to  a  burner.     When  ignited  at  the  barner, 
the  flame  by  its  movements  at  once  indicated 
any  changes  in  the  pressure  on  the  gas  re- 
sulting from  the  oscillation  of  the  membrao** 
In  Fig.  175,  the  essential  parts  of  this  arrange- 
ment are  represented.     K  K,  is  the  box  & 
cavity,  divided  into  two  portions  by  a  tb** 
membrane,  h.     The  tube  a  communicant** 
with  a  trumpet-like  mouth-piece,  along  whi^* 
vibrations  are   imparted  to  the  diaphragj^* 
L    By  the  tube  6  illuminating  gas  is  c£ 
livered  to  the  portion  of  the  cavity  on  t 
opposite  side  of  the  septum,  thence  it 
by  the  tube  C  to  the  jet  A,  where  it  is  ignite--- 
So  long  as  there  is  no  sound  in  the  vicinity  of  the  mout^ 

Iuece,  the  gas  burns  in  a  tranquil  manner,  and  the  flame  is  quie^ 
>ut  the  instant  sound  is  received  by  the  mouth-piece,  it  is  thro* — 

Fig   lTrt. 
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imto  violent  a£t:a;:ou.  as  ::t  thv  sinking  flame  of  the  chemical 
*rtttoniv\nu     5v  o\\s*\v  do  the  movements  follow  each  othei 
it  is  im|v>»:b!«  tor  the  ur.al.ievi  eye  to  determine  their  char- 
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to  overcome  this  difficulty  they  are  viewed  by  means  of 
lyzing  mirror. 

consists  of  a  cubical  box,  the  vertical  sides  formed  of 
-,  M.  By  a  vertical  axis  and  cog-wheels,  Fig.  176,  it  is 
,  when  the  reflected  image  of  the  flame  F  is  viewed 
When  the  flame  burns  steadily,  and  is  not  affected  by 
the  image  in  the  revolving  mirrors  is  a  simple  band  of 
But  the  moment  the  flame  is  thrown  into  oscillation  by 
on  of  the  sound  vibrations  upon  the  membrane  A,  Fig. 
e  band-like  appearance  is  lost,  and  a  series  of  tongue- 
iires  appears. 

iding  the  note  entering  the  mouth-piece  of  tbe  apparatus 
iple  or  fundamental  tone,  the  appearance  produced  is  that 

177. 


Huumm 


i  the  same  rate  of  rotation  of  tbe  mirror,  if  the  octave  of 
ceding  note  is  sounded,  the  result  is  seen  in  Fig.  178. 


mmmmmmm- 


■ting  a  T-shaped  tube  to  a  (Fig.  175),  in  order  that  the 
if  the  fundamental  tone  and  its  octave  may  be  conveyed 
lame  at  the  same  time,  the  effect  in  Fig.  179  is  obtained. 


fundamental  note  i 
ince  ib  produced. 


id  its  third  be  sounded,  a  different 
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If  the  vowel  o  be  sung  on  the  notcB  c  and  c'  it  gives  the  result 
in  Fig.  180. 
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419.  Koaig'i  Sound  Analyzer  is  represented   in   Fig.  181.   1< 

consists  of  a  battery  of  Helmholtz's  resonators,  to  each  of  which 

a  manometric  flame,  with  capsule 

Fio.  1S1.  and  vibrating  membrane,  is  attached- 

The  images  of  the  flames  are  then 

viewed  in  the  analyzing  mirror. 

For  analysis  of  any  given  note  the 
resonators  are  arranged  to  correspoO™ 
to  it  and  its  harmonies. 

Applying  this  apparatus  to  tb! 

analysis  of  the  same  note  as  gn*' 

forth"  by  different  instruments,  it    * 

found  that  the  sound  of  a  dkipaair* 

or  tuning-fork,  is  almost  absolute*. 

simple:  the  same  is  the  case  with  tt* 

flute.     In  the  piano,  on  the  contrmr* 

the  fundamental  tone  is  accompanied 

\M^*..f«»i  by  six  harmonics:  the  violin  show 

a   greater   number.      The   clarione 

gives  uneven  harmonics,  ami  in  brass  wind  instruments,  like  the 

trumpet,  the  higher  harmonics  are  very  intense  or  load. 

A  crude  analysis  of  complex  sounds  may  be  made  by  pro- 
ducing them  in  the  vicinity  of  a  piano,  with  dampers  raised. 
The  strings  of  the  piano  corresponding  to  the  note  will  vibrate 
and  indicate  the  tones  entering  into  the  formation  of  the  com 
pleX  sound. 


>:  content  with  the  decompositioi 
r  constituents.  Helmholtz  has  de 
iiaiiiy  of  sounds  beyond  cavil,  bi 
u-r  of  their  constituents. 
iiis  is  accomplished  the  source  o 
iun:::g-fork.  t«>  which  the  prope 
l-artlv  or  entirely  closed,  am 


420.  Syntneui  of  Sound*.— > 
or  analysts  of  sounds  into  th< 
moustratcd  his  theory  of  the 
synthesis,  or  the  putting  toge 

In  the  apparatus  by  whict. 
each  sound  is  :i  diapason  or 
resonator  is  attached,  it* 
the  sound  intensity  vurit-- 
tained  by  means  -  •:  an  e\  - 
nients.  rep  resent  in  c  a  :"-.; 


The  vibr 


>f  the  fork  is  main 
A  series  of  such  arrange 
ie  and  its  harmonica,  i 
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provided,  The  fundamental  tone  with  its  harmonics  in  greater 
ur  less  number  and  intensity,  may  in  this  way  be  sounded,  and 
the  resultB  obtained  by  analysis  proved. 

121.  Results  of  Helmholtz'B  Bese arches.—  These  are  Hummed  up 
as  follows  by  Ganot: 

!.  Simple  tones,  as  those  produced  by  a  tuning-fork  with  a 
resonance -box,  and  by  wide  covered  pipes,  are  soft  and  agreeable 
without  any  roughness,  but  weak,  and  in  the  deeper  notea  dull. 

2.  Musical  sounds  accompanied  by  a  series  of  harmonica,  Bay 
<i|i  to  the  sixth,  in  moderate  strength,  are  full  and  musical.  In 
companion  with  simple  tones  they  are  grander,  richer,  and 
more  sonorous.  Such  are  the  sounds  of  open  organ-pipes,  of 
a  piano-forte,  etc. 

3.  If  only  the  uneven  harmonics  are  present,  as  in  the  case  of 
narrow  covered  pipes,  of  piano-forte  strings  struck  in  the  mid- 
dle, clarionets,  etc.,  the  sound  becomes  indistinct;  and  when  a 
greater  number  of  harmonics  are  audible,  the  sound  acquires  a 
aural  character. 

4.  If  the  harmonica  beyond  the  sixth  and  seventh  are  very 
distinct,  the  sound  becomes  sharp  and  rough.  If  less  strong, 
tin:  harmonics  are  not  prejudicial  to  the  musical  usefulness  of 
lh|  notes.  On  the  contrary,  tliey  are  useful  as  imparting  char- 
acter and  expression  to  the  music.  Of  this  kind  are  most 
stringed  instruments,  and  most  pipes  furnished  with  tongues. 
bounds  in  which  harmonies  are  particularly  strong  acquire 
thereby  a  peculiarly  penetrating  character;  such  are  those 
.'i'M'-'l  by  brass  instruments. 

5.  To  form  a  given  vowel  sound  one  or  more  characteristic 
notes  which  are  always  the  same  must  be  added.  These  change 
*itb  the  syllable  pronounced,  but  depend  neither  on  the  height 
of  the  note,  nor  on  the  person  who  emits  them. 

422,  Lissajou's  Method  consists  in  the  production  of  certain 
figures  by  the  action  of  sound  vibrations  upon  a  line  of  light, 
'ig-  182.  The  apparatus  required  for  the  experiment  is  an 
Argand  lamp,  the  chimney  surrounded  by  a  cylindrical  metallic 
screen,  in  which  a  pin-hole,  A,  lias  been  made.  Through  this 
rays  of  light  pass  in  the  direction  of  the  dotted  line.  These  fall 
upon  a  tuning-fork,  B,  placed  vertically,  one  prong  armed  with 
a  small  mirror,  and  the  other  provided  with  a  balance  weight, 
that  the  vibrations  may  not  be  changed.  From  this  mirror  the 
rays  pass  along  the  dotted  line  to  a  second  fork  C,  of  the  same 

tone  as   the   hrst.     Its  vibrations    are   produced    horizontally. 

One  of  its  prongs  bears  a  mirror,  and  the  other  a  counterpoise. 

At  a  suitable  distance  an  observing  telescope,  D,  is  placed.  The 
s  in  unison. 
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Both  forks  being  at  rest,  and  the  angles  of  the  mirrors  prcz*y. 
erly  adjusted,  on  looking  through  the  telescope  the  image  olf-jfcc 


pin-bole  in  the  screen  around  the  lamp  chimney  is  seen  aa* 
minute  dot  of  light.     If  one  of  the  forks  is  thrown  into  rib* 

Flo.  1B3. 
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lion,  the  dot  of  light  becomes  a  line.  Ifthe  other  fork  alone 
16  thrown  into  vibration,  again  the  dot  appears  as  a  line,  but 
ai  right  angles  to  that  previously  produced.  Throwing  both 
forka  into  vibration  at  the  same  time,  the  image  formed  is  a 
carve  which  is  Borne  form  of  ellipse,  though  oblique  linos  and  » 
circle  may  arise  as  exceptional  results.  These  are  found  in  the 
mtr  row,  Fig.  183. 

If  one  of  the  forks  differs  from  the  other  by  an  octave,  the 
ttriai  of  figures  in  the  second  row  appears;  if  by  a  fifth,  the 
curves  in  the  lower  row  are  obtained. 

By  using  an  electric  or  oxycalcium  light  as  the  source  of 
illumination,  ami  pausing  the  beam  therefrom  through  a  convex 
lens  before  it  falls  on  the  first  mirror,  a  dot-like  image  of  the 
pin-hole  may  be  projected  on  a  screen  placed  in  the  position  of 
the  telescope.  On  throwingthe  mirrors  into  vibration  Lissajoti's 
images  appear  in  perfection. 

423.  Illustrations  of  LiBsajon's  Curves. — By  means  of  Black- 
tft  pendulum,  LiBsajou's  curves  are  reproduced  by  a  slow 
motion.  It  consists  of  a  cord,  ABC,  attached  at  two  fixed 
points  A  and  C,  in  a  horizontal  line  and  with  a  certain  amount 
of  ilack.     To  the  centre  of  this  another  cord,  B  D,  is  fastened, 

which  carries  a  spherical  metallic  ball  at  D,  a  pointed  wire  pro- 

■_■  from  the  lower  part.     If  the  bob  is  set  in  motion  in  the 

t   B  ( '.  it  will  vibrate  in  that  plane,  the  point  of  suspen- 

i'..  not  moving.     If  in  a  plane  perpendicular  to  this,  it  will 

I  in   that  plane,  the  whole  system  moving  with  E  as  the 

f>oint  of  suspension.     In  the  one  case  B  I>  represents  the  length 

of  the  pendulum,  and  gives  a  certain  rate  of  vibration.     In  the 

oilier,  K  B,  as  it  is  longer,  it  gives  a  slower  movement. 

If  the  bob  is  drawn  aside  in  any  other  plane  than  those  men- 

:    it    no  longer  oscillates  in  a  straight   line,  but  executes 

MMDtfl  resulting  from  a  combination  of  those  already  given. 
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and  produces  curves  exactly  the  counterpart  of  those  of  Lissajou^  ^ 
Preparing  a  little  plateau  of  sand  half  an  inch  deep,  and  six 
eight  inches  square  on  a  board,  and  allowing  the  pointer  of 
bob  to  play  therein,  very  beautiful  figures  are  formed. 

424.  Leon  Scott's  Phonautograph  is  an  instrument  for  the  reg5*. 
tration  of  all  kinds  of  sounds  and  noises.  It  consists  of  Gfen 
ellipsoidal  barrel  one  end  open,  and  turned  in  the  direction  of 
the  sound.  The  opposite  end  gives  passage  to  a  narrow  brakes 
tube  closed  exteriorly  by  a  delicate  membrane.  Near  the  centre 
of  this  a  hog's  bristle  is  attached,  the  free  end  touching  a  revolt- 
ing cylinder  carrying  a  paper  covered  with  lampblack  (408). 

Setting  the   apparatus   in   movement,   while    sound    is  **** 
received   the   bristle   traces  a  straight  line  on  the  lampbl^43* 
surface,  but  the  momeut  sound  waves  enter  the  ellipsoid  tJo* 
membrane  is  thrown  into  vibration  and  the  bristle  records    &^ 
undulating  line  corresponding  thereto. 

425.  Edison's  Phonograph  is  an  admirable  and  ingenious    **~* 

Erovement  upon  the  preceding  apparatus,  as  it  not  ouly  recc* 
ut  reproduces  sounds  received. 
Its  receptive  parts  consist  of  a  mouth-piece,  E,  into  which 

Fig.  185. 


Edition**  phon<>£T«|»h. 


operator  speaks.  The  voice  is  directed  upon  a  thin  metalli 
disk,  which  is  thrown  into  corresponding  vibration.  Thi 
metallic  membrane  F,  carries  a  tine  steel  point  8,  which  plav^ 
upon  the  cylinder  C.  Instead  of  blackened  paper,  the  cylinder* 
is  covered  with  tinfoil.  By  means  of  the  winch  M,  it  is  throwt^ 
into  rotation,  and  as  the  axis  A  bears  a  screw  cut,  a  movement^ 
of  translation  is  imparted  as  it  rotates. 

The  cylinder  being  freshly  covered  with  foil,  if  the  winch  is- 
rotated  the  steel  point  describes  a  spiral  line  of  uniform  depth 
thereon.     Continuing  the   movement   at   a   regular   rate,  and 
speaking  into  the  mouth-piece,  the  unbroken  spiral  line  disap- 

5 ears,  and  in   its  place  a  dotted  line  is  produced,  made  up  of 
epressions   or  perforations.     These   represent   the   record   of 
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vibrations,  similar  to  that  in  the  apparatus  of  Leon  Scott.  Here, 
however,  comparison  ends,  for  if  the  cylinder  of  Edison's  in- 
strument is  readjusted  with  the  apex  of  the  recording  needle 
on  the  spot  where  the  record  begau,  by  moving  the  winch,  as 
the  point  attached  to  the  metallic  disk  passes  over  the  depres- 
sions in  the  foil,  it  throws  the  membrane  into  vibration,  and 
causes  it  to  give  forth  the  sounds  received  from  the  voice. 

All  kinds  of  sounds,  as  singing,  speaking,  squeaking,  hissing, 
may  be  reproduced.  Even  the  quality  of  different  voices  is 
rteadily  recognized,  the  only  change  being  a  slightly  nasal  twang 
or  modification.  Edison  claims  that  by  this  machiue  40,000 
words  can  be  recorded  on  a  space  of  ten  square  inches. 

Professor  Blake,  of  Brown  University,  has  recorded  vocal 

sonorous  vibrations   by   the  agency  of  the  photograph.     The 

result  was  attained  by  attaching  a  steel  mirror  to  a  vibrating 

disk  of  ferrotype  iron,  two  and  three-fourths  inches  in  diameter. 

.A.  beam  of  sunlight  was  directed  by  a  heliostat  upon  the  mirror, 

and  after  undergoing  reflection  was  brought  to  a  focus  by  a 

lens  upon  a  sensitive  plate  which  moved  at  right  angles  to  the 

track  of  the  ray.     So  long  as  the  ferrotype  disk  was  at  rest  a 

linear  staiu  was  produced  upon  the  plate,  but  the  moment  it 

w«^  thrown  into  vibrations  by  the  voice,  a  record  similar  in 

appearance  to  that  formed  by  a  sphygmograph  was  obtained. 

Copies  of  such  records  and  a  fuller  description  of  the  apparatus 

will  be  found  in  the  "  Am.  Journal  of  Sciences  and  Arts,"  vol. 

.  page  54. 


426.  Acoustic  Attraction  and  Repulsion. — A  body  in  a  state  of 
Bpoorous  vibration  has  been  found  to  exert  an  influence  some- 
*i*ues  of  attraction,  and  again  of  repulsion  upon  other  bodies 
f*~^«ly  suspended  in  its  vicinity.     Attraction  is  exerted  when  it 
*•     heavier,  and  repulsion  when  lighter.     A  balloon  of  gold- 
beater's skin  filled  with  carbonic  acid   gas,  brought  near  the 
**aouth  of  the  resonance  box  of  a  tuning-fork,  is  attracted.     A 
balloon  filled  with  hydrogen  is  under  the  same  circumstances 
spelled,  though  loaded  with  wax. 

Xn  like  manner,  a  tuning-fork  in  vibration  will  attract  a  piece 

of  card-board  suspended  by-  a  string.     If,  on  the  contrary,  the 

vibrating  fork  is  suspended,  and  the  card-board  fixed,  the  latter 

^ill  attract  the   former.     Two  suspended   tuning-forks  while 

vibrating  attract  each  other.     A  vibrating  fork  repels  a  candle 

ftame  placed  near  its  extremity,  or  flattens  it  if  held  over  it. 

If  very  light  resonators  are  brought  near  to  the  sounding 

box  or  resonator  of  a  tuning-fork  with  which  they  are  vibrating 

iu  unison,  they  undergo  repulsion.     If  they  are  mounted  at  the 

extremities  of  a  small  four-armed  wind-mill,  the  repulsion  is 

sufficient  to  produce  a  continued  rotation  of  the  mill.     These 
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427.  Voice  in  the  Lower  Creatures. — Many  forms  of  sound- 
producing  apparatus  are  found  in  the  lower  or  in  vertebrate 
creatures.  Sometimes,  as  in  certain  insects,  it  ia  n  mere  vibratory 
action  of  the  wings  upon  the  air.  Again,  special  resonance 
cavities  are  provided,  which  are  sounded  by  the  friction  of  rough 
horny  surfaces  on  each  other.  It  is  also  the  result  of  a  sudden 
spasmodic  movement  of  portions  of  the  body  or  extremities. 
Even  mollusks  are  not  entirely  voiceless,  for  certain  kinds  give 
forth  booming  or  bell-like  sounds. 

428.  The  Human  Voice. — In  common  with  all  air-breathing 
vertebrates,  man  employs  air  expired  from  the  lungs  for  the 
production  of  voice,  and  establishing  communication  with  his 
fellow-creatures. 

For  practical  purposes  we  may  consider  the  vocal  apparatus 
under  three  divisions:  1st.  The  respiratory  portion,  consisting 
of  the  lungs,  bronchi,  and  trachea,  wherein  air  is  compressed 
by  the  action  of  the  diaphragm  and  expiratory  muscles  of  the 
chest;  2d.  The  larynx,  in  which  tones  or  notes  are  produced, 
as  in  simple  song,  by  vibrations  imparted  to  the  outgoing  air ; 
and,  3d.  The  mouth  and  parts  above  the  trachea,  where  sounds 
produced  in  the  larynx  undergo  modification  to  form  articulate 
speech. 

428.  The  Larynx  and  Song. — The  larynx  may  be  briefly  de- 
scribed as  a  box  formed  of  articulated  plates  of  cartilage  moved 
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by  means  of  muscles.    It  is  placed  at  the  summit  of  the  trachea 
or  wind- pipe,  and  through  it  outgoing  air  passes. 

The  cavity  of  the  larynx  is  not  entirely  free,  but  bears  upon 
ita  walls  certain  membranous  structures,  called  the  vocal  chords. 
By  the  action  of  muscles  the  tension  of  these  chords  may  be  so 
changed  that  at  one  time  the  passage  is  almost  without  obstruc- 
tion, as  during  ordinary  respiration ;  while  at  another,  it  is  re- 
duced to  a  mere  slit.  When  air  is  forced  through  this  chink- 
like  opening  or  glottis,  the  vocal  chords  or  valves  are  thrown 
into  vibration,  and  notes  are  sounded. 

-According  as  the  tension  on  these  chords  or  ligaments  is 
-ied,  a  higher  or  lower  note  is  formed ;  a  high  note  arising 
en  the  tension  is  greater.  In  their  action  the  vocal  chords 
m&y  be  likened  to  the  vibrating  tongues  of  reed  instruments 
C&93),  the  sound  being  caused  by  a  series  of  impulses  which 
*riee  in  the  reaction  of  the  issuing  current  of  air  upon  the  elas- 
tioity  of  the  reeds  or  vocal  chords.  There  is,  however,  this  im- 
portant difference,  that  whereas  the  metal  tongue  of  the  reed 
n  only  yield  a  single  note  of  a  fixed  pitch,  the  vocal  chords 
it  many  notes  of  different  pitch,  according  to  the  wish  of  the 
Staffer. 

"The  notes  gpven  forth  by  men  are  lower  than  those  formed' 
Vy  women.  8ince  the  larynx  is  larger,  and  the  vocal  ligaments 
longer  and  thicker,  they,  therefore,  vibrate  more  slowly  and 
"oduce  a  lower  tone.  W  hen  the  vocal  chords  vibrate  through- 
t  their  whole  length  the  so-called  chest  notes  are  formed;  when 
confined  to  the  free  edges,  falsetto  notes  arise. 

"The  average  extent  of  scale  of  the  human  voice  is  about  two 
octaves.  To  this,  important  exceptions  are  occasionally  seen. 
C&talini,  for  example,  is  said  to  have  had  a  compass  of  three 
and  a  half  octaves. 

**  Although  a  few  exceptional  singers  can,  so  to  speak,  acro- 
\>flttaze  in  music  to  the  wonder  of  the  public,  yet  the  really  good 
and  usable  part  of  their  compass  for  every-day  work  is  com- 
paratively limited,  and  if  they  are  called  upon  frequently  to  sing 
either  at  their  highest  or  lowest,  the  voice  rapidly  deteriorates, 
and  wonder  is   changed  to  compassion,     violins  cannot  be 
*  screwed  up  or  down'  too  much.     It  is  better  to  alter  the  thick- 
ness of  their  strings.     The  thin  strings  are  particularly  objec- 
tionable in  instruments  only  too  prone  to  be  played  cuttingly. 
Clarionets,  oboes,  and  trumpets,  when  made  short  and  narrow 
kr  high  pitch,  are  simply  fit  to  be  heard  out  of  doors,  as  in 
military  bands." 

The  wave  length  of  the  sounds  of  the  ordinary  voice  in  women 
™rin£  conversation  is  from  two  to  four  feet.  With  man's  voice 
it  is  eight  to  twelve  feet. 
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430.  The  Mouth  and  Speech. — To  the  larynx  the  mouth  or 
buccal  cavity  acta  the  part  of  a  resonator,  causing  the  whole 
apparatus  to  bear  a  close  resemblance  to  a  reed-organ  pipe. 

While  the  intensity  of  the  human  voice  depends  upon  the 
force  with  which  air  ia  driven  through  the  glottis,  and  its 
pitch  upon  the  tension  of  the  vocal  chords,  the  quality  is  the 
result  of  a  variety  of  causes.  Among  these  are  the  form  of  each 
larynx;  length  and  elasticity  of  its  vocal  chords;  resonance 
value  and  action  of  the  buccal  and  nasal  cavities,  and  other 
parts  in  the  vicinity. 

The  chief  point  of  interest  in  connection  with  the  mouth  is 
its  agency  in  the  formation  of  articulate  speech.  Words  con- 
sist of  vowels  intermingled  with  consonants. 

Since  a  note  can  only  be  said  or  sung  on  a  vowel,  these  may 
be  regarded  as  the  essential  elements  of  speech.  Foster  says, 
whenever  a  note  is  sounded  by  the  larynx  we  recognize  in  it 
features  by  which  we  detect  one  or  another  of  these  sounds. 
Vowels  are  in  reality  exaggerated  examples  of  quality  in  which 
certain  overtones  are  intensified,  as  found  by  their  analysis 
(419).  The  particular  tones  which  are  reinforced  in  the  different 
vowel  sounds  may  also  be  determined  by  holding  vibrating 
tuning-forks  of  various  tones,  one  after  another  in  front  of  the 
mouth  when  it  is  arranged  for  pronunciation  of  different  vowels, 
and  observing  those  that  have  their  note  intensified. 

The  adjustments  of  the  buccal  and  pharyngeal  cavities  by 
which  this  prominence  of  special  overtones  is  produced,  is 
illustrated  as  follows.  When  for  example,  e  c  in  feet,  or  a  in 
fat,  is  sounded  the  larynx  is  raised,  the  lips  retracted,  and  the 
buccal  cavity  or  resonator  made  very  short.  In  produciug  a  in 
father,  the  mouth  is  opened  wide,  the  buccal  cavity  assuming  a 
funnel  shape  with  the  point  at  the  pharynx.  For  o,  the  same 
shape  is  again  assumed,  but  the  lips  are  protruded  and  the  length 
of  the  resonator  increased.  The  greatest  elongation  of  the  reso- 
nator tube  is  reached  in  producing  u,  with  the  sound  oo. 

By  means  of  Konig's  manonietric  flames  vowels  are  found  to 
have  the  following  composition. 

A,  contains  in  addition  to  the  fundamental  tone,  the  2d  har- 
monic feeble,  the  3d  strong,  and  the  4th  feeble. 

E,  the  fundamental  tone  feeble.  2d  harmonic  strong,  3d  feeble, 
4th  strong,  5th  feeble. 

I,  very  high  harmonics,  the  5th  especially  strong. 

O,  the  fundamental,  2d  harmonic  strong,  3d  and  4th  feeble. 

U,  fundamental  with  3d  harmonic  moderate. 

In  euphonious  or  pure  speech  the  posterior  nares  are  closed  by 
the  soft  palate,  for  if  a  candle  tlame  be  held  in  front  of  the 
nostrils,  it  proves  that  air  is  not  escaping  through  that  channel. 
If  the  closure  is  imperfect,  the  sound  at  once  becomes  nasal  in 
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character,  and  air  passes  from  the  nostrils.  The  nasal  character 
is  also  caused  when  the  anterior  nares  are  closed  by  holding 
the  nose  between  the  thumb  and  forefinger,  the  nasal  cavity  then 
acting  as  a  resonator. 

Consonants  arise  from  various  interruptions  and  modifications 
of  the  expiratory  blast  of  air,  and  are  not  produced  by  vibra- 
tions of  the  vocal  chords.  They  are  classified  according  to  the 
manner  and  position  of  interruption,  as  follows : 


Explosives. 


Labials,  without  voice 
"  with  voice 

Dentals,  without  voice 
"  with  voice 

Gutturals,  without  voice 
with  voice 


u 


Aspirates. 


LabiaU, 
Dentals, 


t< 


without  voice 
with  voice 
without  voice 
with  voice 


P. 
B. 
T. 
D. 
K. 
G  (hard). 


P. 
V. 


Gutturals,  without  voice 
with  voice 


n 


Resonant  s. 


Labials 
Dentals 
Guttural 


S,  L,  Sh,  Th  (hard). 
Z,  Zh  (in  azure,  the 
French  j),Th  (soft). 
C  H  (as  in  loch). 
G  H  (as  in  lough). 


M. 

N. 
NG. 


Vibratory. 


Labial 

Dental 
Guttural 


Not  known  in  Euro- 
pean speech. 
R  (common ) 
R  (guttural). 


■A.  whisper  is  speech  without  sounding  the  vocal  chords;  it  is 
P*"°dticed  by  action  of  the  lips  and  tongue  upon  the  expired 


Ventriloquism  is  simply  an  accurate  imitation  of  sounds 
?*  they  would  be  heard  by  the  ear  of  the  listener  if  given  forth 
ll*  v«tnous  positions,  as  in  a  box,  behind  a  door,  or  in  an  adjacent 
.p^rtment.     It  implies  deception  both  as  regards  distance  and 

**^otion  of  a.  Round. 


~    — -«,.  VUuyw  Ear  of  Lower  Creatures. — The  most  rudimentary 

i^ix*  of  ear  consists  of  a  sac  filled  with  an  albuminous  fluid. 

jt**  its  walls  the  auditory  nerve  terminates  in  minute  filaments. 

11  the  fluid  there  are  certain  hard  stony  particles,  the  presence 
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of  which  has  caused  the  entire  apparatus  to  be  called  an  oto- 
lithic sac. 

Regarding  the  function  of  the  stony  particles  there  is  dispute. 
Some  think  that  when  sound  vibrations  fall  on  the  sac,  the 
particles  are  thrown  into  action,  and  produce  sensation  by  a 
kind  of  tapping  upon  its  sensitive  wall.  Others,  on  the  con- 
trary, imagine  that  their  function  is  to  act  as  dampers  and  stop 
vibrations  as  soon  as  they  have  produced  their  ettect. 


433.  The  Ear  in  Man. — In  man,  and  in  higher  mammals,  the 
auditory  apparatus  is  very  complex  in  its  structure.  We  know 
how  compound  a  wave  of  sound  may  be;  how  it  involves  loud- 
ness, pitch,  and  quality,  the  latter  implying  the  superimposing 
of  many  harmonics  upon  the  fundamental  tone.  It  is,  therefore, 
not  at  all  surprising  that  an  organ  adapted  to  the  determination 
of  so  many  data,  should  require  many  parts  for  the  accomplish- 
ment of  its  purpose. 

For  sake  of  convenience,  the  car  is  studied  under  three  divi- 
sions: 1st,  external;  2d,  middle;  and,  3d,  internal.  Of  these, 
the  latter  appears  to  be  the  most  essential,  the  others  occu- 
pying a  subordinate  position.  This  conclusion  is  based  upon 
the  fact,  that  in  many  vertebrates,  and  in  all  invertebrates,  there 
is  DO  true  external  ear.  In  creatures  which  live  in  water,  the 
middle  ear  is  also  wanting,  though  some  imagine  that  the 
swimming  bladder  in  fishes  operates  in  this  manner,  as  it  is 
connected  with  their  auditory  apparatus.  Under  this  hypo- 
thesis it  is  supposed  that  sonorous  vibrations  are  received  from 
water,  and  passing  through  the  body,  are  communicated  to  the 
air  in  the  swimming  bladder.  Admit- 
Fio- 186.  ting  that  this  is  the  case,  the  auditory 

apparatus  in  these  creatures  acts  in  the 
Bamfl  manner  aB  in  air-breathing  animals. 
In  Fig.  186  the  relative  positions  of 
the  leading  divisions  of  the  ear  are  repre- 
sented. The  external  extends  to  the 
line  5;  the  middle  from  this  line  to  the 
zig-zag  line  beyond  6;  the  rest  comprises 
the  internal  portion  or  division.  Kach 
of  these  parts  consists  of  subdivisions,  the  most  important  of 
which  we  shall  describe. 


434.  The  External  Ear. — This  division  consists  of  the  pinna  a, 
or  major  portion  of  the  external  organ  which  leads  to  the  audi- 
tory canal  or  tube,  by  which  sonorous  vibrations  reach  the 
tympanic  cavity  or  middle  ear.  The  smooth  portion  of  the 
pinna  at  the  entrance  of  the  tube  is  sometimes  designated  j 
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the  concha.     This  term  is  also  applied  to  the  whole  expanded 
part  of  the  external  ear. 

In  the  majority  of  mammals  the  pinna  or  concha  is  very 
movable,  and  is  directed  to  the  point  whence  sound  is  proceed- 
ing. In  man  this  is  not  the  case,  the  appreciation  of  direction 
being  accomplished  by  moving  the  head,  though  in  some  persons 
there  is  a  slight  power  of  movement  of  the  ears. 

It  need  hardly  be  added  that,  the  function  of  the  pinna  is  to  collect 
sounds  from  a  greater  area,  arid  so  increase  the  intensity  of  the  vibra- 
tions transmitted,  by  the  auditory  canal. 

In  the  formation  of  the  external  ear  of  mammals,  the  followers 
of*  Darwin  find  one  of  their  arguments  in  support  of  the  hypo- 
thesis of  the  origin  of  man  from  the  lower  orders.  On  the  outer 
cartilaginous  curve  of  the  human  ear,  and  above  the  opening 
of*  the  auditory  canal  or  meatus,  there  is  a  little  tubercle  of 
cartilage,  which  in  the  ears  of  many  people  is  exceedingly  well 
marked.  This,  philosophers  tell  us,  is  the  remnant  of  the  tip  of 
the  ear  of  the  lower  animals,  and  is  regarded  as  evidence  of  the 
^source  from  which  the  human  organ  has  been  developed.  It  is 
certainly  very  curious  and  interesting  to  note,  in  different  indi- 
viduals, that  the  passage  of  the  ear  through  what  may  be  called 
Satyr  type  to  its  perfect  form  may  be  easily  traced. 

435.  The  Middle  Ear. — Entering  the  petrous  part  of  the  tem- 
poral bone,  the  auditory  canal  expands  to  form  the  cavity  of 
the  middle  ear  b.  This  is  separated  from  the  canal  by  a 
membrane  which  occupies  the  position  g,  Fig.  186.  It  is  called 
the  drum  membrane,  or  membrana  tympani.  The  drum  or 
middle  ear  is  filled  with  air,  and  to  insure  equality  of  pressure 
on  each  side  of  the  membrane  a  tube  /,  called  the  Eustachian 
tube,  communicates  with  the  back  part  of  the  mouth.  Stop- 
P*ge  of  this  tube  by  mucus,  or  otherwise,  is  at  once  attended 
*>y  a  muffling  of  the  sense  of  hearing. 

Across  the  drum  cavity  b  a  chain  of  three  little  bones  is  ex- 
tended. They  are  called  the  malleus,  incus,  and  stapes.  The 
handle  of  the  malleus  is  fixed  by  its  top  near  the  centre  of  the 
£*enibrana  tympani,  and  the  stapes  or  stirrup  to  another  mem- 
w-aae  which  closes  an  aperture  leading  to  the  internal  ear,  and 
^Hed  the  fenestra  ovale.  To  these  little  bones  certain  muscles 
*re  attached,  which  by  their  movements  increase  or  diminish 
^^Bion  in  the  membrana  tympani. 

.The  function  of  the  drum  membrane  is  evidently  to  receive 
***e  vibrations  which  have  been  collected  by  the  pinna.  The 
P^Uliar  facility  with  which  such  tense  septa  are  affected  by  all 
■^nds  of  vibrations  fits  it  eminently  for  this  purpose  (391). 

Regarding  the  function  of  the  chain  of  bones  there  is  dispute. 
**°*Ue  conceive  that  their  chief  duty  is  to   convey  sonorous 


vibrations  to  the  internal  ear;  to  this  the  jointed  structure  is  an 
objection.  Others,  on  the  contrary,  think  that  since  they  serve 
as  attachments  lor  delicate  muscles,  they  merely  aid  the  latter 
to  determine  the  amplitude  of  vibration  of  the  membrana  tym- 
pani,  by  the  force  they  exert  to  hold  it  tense,  and  so  measure 
the  intensity  of  sounds  fulling  thereon. 

436.  The  Internal  Ear  ie  also  called  the  lahyririth.  This  differs 
essentially  from  the  other  parts  in  that  it  is  rilled  with  liquid 
instead  of  air.  It  consists  of  three  portions:  1st,  the  vestibule 
or  entrance,  Fig.  186,  t;  2d,  the  cochlea,  d;  and  3d,  the  semi- 
circular canals,  c.  On,  and  in  these,  the  ultimate  filaments  of 
the  auditory  nerve  are  distributed. 

The  vestibule  is  the  entrance  to  the  cochlea  and  canals;  it  is 
represented  at  e,  Fig.  186.  Floating  in  the  fluid  with  which 
the  cavity  is  filled  is  an  ovoid  membranous  sac,  constricted  at 
its  centre;  and  dumb-bell  like  in  shape.  To  the  two  divisions 
the  names  of  saccule  and  utricle  are  given.  It  is  also  filled  with 
fluid,  called  the  endolymph ;  that  on  the  outside  is  called  /w»"*> 
lymph.  The  membranous  walls  of  this  sac  receive  a  copious 
supply  of  nerve  fibres,  and  in  its  interior  minute  stony  par- 
ticles are  found;  in  its  entirety  it  resembles  the  otolithic  sae  of 
inferior  animals. 

In  addition  to  its  use  as  the  way  of  approach  to  the  innermost 
portions  of  the  ear,  the  vestibule,  from  its  structure,  evidently 
has  some  olher  function.  What  this  is,  it  is  difficult  to  say. 
Its  resemblance  to  the  otolithic  sac  of  lower  animals  favors  the 
supposition  that  it  serves  for  the  mere  detection  of  noise. 

The  cochlea,  represented  at  d,  Fig.  186,  is  so-called  from  fa 
resemblance  to  the  spirally  coiled  shell  of  a  snail  or  other 
gasteropod  mollusk.  It  may  be  described  as  a  conical  tube,  the 
axis  very  long  compared  with  its  diameter.  This  tube  is  vrowtd 
spirally  around  a  central  axis.  The  spiral  canal  thus  formed  is 
divided  throughout  by  a  septum,  called  the  lamina  spiralis. 
This  bears  the  so-called  organ  of  Corti;  in  its  structure  it  may 
be  likened  to  a  piano,  which  involves  no  less  than  some  BOW 
nerve  fibres  or  strings. 

In  (419)  we  have  learned  that  the  resonators  of  Helmholtz  in 
Konig's  apparatus  for  analysis  ot  sound,  respond  by  their  sensitive 
flames  to  thf  fundanifntal  and  overtones  of  any  nolo  in  their 
vicinity.  So  the  fibres  of  the  organ  of  Corti,  acting  like  reso- 
nators, determine  the  fundamental  tone,  or  pitch,  and  the  over- 
tones, or  quality,  of  each  note  that  gains  access  to  the  cochlea. 

We  have  disposed  of  the  measurement  of  intensity,  pitch, 
and  the  quality  of  sounds,  yet  there  still  remains  a  very  im- 
portant part  of  the  labyrinth  the  function  of  which  is  involved 
in  obscurity,  viz  ,  the  semicircular  canals.     These  are  three  small 
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tubes,  represented  at  <?,  Fig.  186.  They  are  each  bent  in  the 
form  of  a  semicircle  and  arranged  to  occupy  three  planes  at 
right  angles  to  each  other.  As  they  embrace  the  dimensions  of 
length,  breadth,  and  thickness,  it  has  been  supposed  that  they 
determine  the  direction  whence  sounds  reach  the  ear.  This 
may,  however,  be  accomplished  in  other  ways  as,  for  example, 
by  biaural  audition.  In  connection  with  this  question,  Prof. 
Q  raham  Bell  has  published  an  interesting  memoir  in  the  "Ameri- 
can Jourual  of  Otology."  From  this,  the  following  deductions 
may  be  drawn:  1st.  The  perception  of  the  direction  of  a  source 
of  sound  is  possible  by  a  single  ear.  2d.  It  is  more  perfect  by 
biaural  than  by  monaural  observation.  3d.  It  is  more  accurate 
in  the  axial  line  of  the  ears.  4th.  The  error  increases  with  the 
departure  from  this  line,  until  at  90°  from  the  axial  line  it  may 
amount  to  180°.  The  experiments  were  made  in  a  room,  and 
represent  the  results  obtained  under  conditions  influenced  by 
reflection  from  the  walls. 

487.  The  Audiphone  is  an  instrument  contrived  by  Mr.  R.  G. 
Rbodes,  of  Chicago.  As  its  name  indicates,  it  is  intended  to 
improve  the  hearing  iu  persons  partially  deaf.  In  its  original 
form  it  consists  of  a  thin  sheet  of  ebonite  fashioned  into  the  form 
of  a  fan.  One  side  of  this  is  curved  by  strings  which  pass  from 
its  upper  margin  to  the  handle.  When  in  use  the  convex 
surface  is  turned  away  from  the  person,  and  the  edge  pressed 
agaiust  the  front  teeth  of  the  upper  jaw. 

In  a  modified  form  suggested  by  Colladon,  a  strip  of  elastic 
P^rd-board,  known  as  satin-board  or  shalloon-board,  is  used. 
The  edge  where  pressed  against  the  teeth  is  varnished. 

Another  modification  consists  in  the  use  of  birch-wood  veneer; 
this  ig  steamed  and  bent  into  the  same  shape  as  the  instrument 
°^  Rhodes,  and  does  not  require  the  use  of  strings. 
.    ^or  description  of  the  telephone,  the  student  is  referred  to 

437  A.  The   Photophone. — This   instrument,   the   discovery   of 

*£?*•  Graham  Bell,  is  thus  described  by  S.  P.  Thompson  in 

.  ^\^ture."     "  It  bears  the  same  relation  to  the  telephone  as  the 

.  e'iograph  bears  to  the  telegraph.     You  speak  to  a  transmitting 

/*^tfument,  which  flashes  the  vibration  along  a  beam  of  light 

..     ^  distant  station  where  a  receiving  apparatus  reconverts  the 

8ht  into  audible  speech.     As  in  the  case  of  that  exquisite  in- 

t    *****nent,  the  telephone,  so  in  that  of  the  photophone,  the  means 

°  ^-cjcomplish  this  are  of  extreme  simplicity. " 

t»  .  *  The  transmitting  device  consists  of  a  plane  silvered  mirror  of 

***  glass  or  mica.     Against  the  back  of  this  flexible  mirror  the 

^""^er's  voice  is  directed;  a  powerful  beam  of  light  is  caught 


378  ACOUSTICS. 

by  a  lens  from  the  sun  and  directed  upon  the  mirror,  so  as  to 
reflected  straight  to  the  distant  station.  This  beam  of  light 
thrown  by  the  speaker's  voice  into  corresponding  vibrations." 

"At  the  distant  station  the  beam  is  received  by  another  mirror, 
and  concentrated  upon  a  simple  disk  of  hard  rubber  fixed  aa    a 
diaphragm  across  the  end  of  a  hearing  tube.     The  intermittent 
rays  throw  the  disk  into  vibration  in  a  way  not  yet  explained, 
yet  with  sufficient  power  to  produce  an  audible  result,  thtw  re- 
producing the  very  tones  of  the  speaker.     Other  receivers  may 
be  used,  in  which  the  variation  in  electrical  resistance  of  selenii*111 
under  varying  illumination  is  the  essential  principle.     The  ^x* 
perimental  details  have  been  worked  out  by  Pror.  Bell  in  con- 
junction with  Mr.  Sumner  Tainter.     They  have  discovered  tl**1 
other  substances  beside  hard  rubber,  gold,  selenium,  silver,  i**^*1 
paper,  and  notably  antimony,  are  similarly  sensitive  to  light:-       . 

"The  singular  production  of  mechanical  vibratious  by  rav^  °6 
light  is  even  more  mysterious  than  the  production  of  vibrati  **\ 
in  iron  and  steel  by  changes  of  magnetization.     It  was,  ind^^*  \ 
this  latter  fact  which  led  the  discoverers  to  suspect  the  analojc*^  . 
phenomenon   of  photophonic   sensibility   in   selenium   and^  ^a 
other  substances.     Hitherto,  in  consequence  of  the  mere  opti^"5^ 
difficulties  of  managing  the  beam  of  light,  the  distance  to  wb  ^ 
sounds  have  been  actually  transmitted  by  the  photophone  is  I 
than  a  quarter  of  a  mile,  but  there  is  no  reason  to  doubt  tf 
the  method  can  be  applied  to  much  greater  distances." 


SECTION   VI. 
OPTICS. 


CHAPTER  XVII. 

THEORIES  AND  SOURCES   OF   LIGHT. 
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phorescence—Fluorescence— Calorescence — Incandescence  and  oxy hydrogen 
lights — Electric  arc  and  light — Motion  and  light — Combustion  or  chemical 
action — Illumination  by  gas  flames — Forms  of  gas  burners — Illumination  by 
flames  from  fluids — Illumination  by  flames  from  solids — Constitution  of  flame 
— Light  and  life. 


I.  Optics  and  Light  Defined. — The  study  of  phenomena  con- 
nected with  light,  and  their  application,  is  called  optics.  Light 
w  that  farm  of  energy  which  by  its  action  upon  the  retina  or  nervous 
co&t  of  the  eye  produces  the  sensation  of  vision. 

Of  the  five  special  senses  with  which  man  has  been  endowed, 
thstt:  of  sight  is  the  most  perfect.     Seeing  is  believing,  is  one  of 
th^  most  ancient  of  all  aphorisms.     The  sense  of  touch  acts  by 
direct  contact.   That  of  taste,  by  touching  bodies  soluble  in  saliva. 
Smell,  by  drawing  in  vaporous  or  gaseous  substances  through 
the  nostrils.     The  ear  perceives  bodies  when  in  certain  condi- 
tions of  vibration,  and  at  moderate  distances.     Vision,  on  the 
contrary,  not  only  assures  us  of  the  presence  of  bodies  when 
vibrating  in  such  a  manner  as  to  emit  light,  but  also  when  in 
the  presence  of  others  from  which  light  is  in  process  of  emis- 
sion.  It  is,  moreover,  vastly  superior  to  hearing,  as  it  can  under 
proper  circumstances  make  us  acquainted  with  objects  at  almost 
infinite  distances,  and  give  us  accurate  perceptions  regarding 
their  direction. 


439.  Thtories  of  Light.  —  There  are  two  theories  of  light. 
First,  the  emission  or  corpuscular  theory.  Second,  the  undu- 
latory theory. 

The  emission  theory  is  generally  accredited  to  Newton.  It 
assumes  that  luminous  homes  throw  oft'  particles  or  molecules 
with  inconceivable  velocity  in  straight  lines,  and  that  these 
falling  upon  the  retina  or  sensitive  nervous  coat  of  the  eye  pro- 
duce the  impression  of  light  In  view  of  recent  ideas  regarding 
"  radiant,"  or  "  ultra-gaseous  matter,"  it  has  been  suggested 
that  the  corpuscular  theory  may  be  true,  at  least  for  the  propa- 
gation of  light  through  space,  while  the  undulatory  theory  is 
correct  as  regards  the  relation  of  this  form  of  energy  to  at- 
mospheric and  other  transparent  terrestrial  media. 

The  undulatory  theory  was  first  promulgated  by  Huygheus  and 
afterward*  by  Kuler,  who  were  unable  to  overcome  the  support 
given  by  Newton  to  the  emission  theory.  It  was,  however, 
shown  by  Young  and  Fresnel  that  by  means  of  the  undulatory 
theory  many  phenomena  of  diffraction  and  polarization  might 
be  explained:  this  led  finally  to  its  genera!  adoptiou. 

According  to  this  theory,  all  space,  both  iutermolecular  and 
interstellar,  is  tilled  by  an  exceedingly  attenuated  medium,  to 
which  the  name  of  the  luminiferous  ether  is  given.  As  sound 
comes  to  us  by  vibration  or  waves  in  the  atmosphere,  so  light 
results  from  an  im'otn-eieaMy  rapid  viliration  of  the  molecules  of  the 
luminous  hody;  these  vibrations,  moreover,  are  transmitted  through  the 
luminiferous  ether  us  wave-like  movements,  and  falling  upon  the  retina 
'■'i/tse  the  sensation  of  light. 

In  addition  to  these,  an  electro-magnetic  theory  of  light  has 
been  brought  forward  by  James  Clark  Maxwell.  The  main 
proof  of  this  theory  lies  in  the  fact,  that  the  rate  at  which  an 
electro-magnetic  wave  disturbance  would  travel  may  be  calcu- 
lated from  electrical  measurements.  The  rate  at  which  light 
travels  has  been  determined  within  very  narrow  limits  of  error. 
The  two  velocities  are  almost  identical.  Maxwell's  generaliza- 
tions on  this  subject  were  founded  on  Faraday's  experiments, 
showing  that  powerful  magnets  could  rotate  a  beam  ot  polarized 
light. 

In  discussing  this  theory  before  the  Loudon  Institution  on 
December  6,  1880,  Dr.  Lodge  says:  "On  the  one  hand,  elec- 
trical energy  may  exist  in  cither  of  two  forms — the  static  form, 
when  insulators  are  electrically  strained  by  having  had  elec- 
tricity driven  partially  through  them  (as  in  the  Leyden  jar), 
which  strain  is  a  form  of  energy  because  of  the  tendency  to  dis- 
charge and  do  work;  and  the  kinetic  form,  where  electricity  is 
moving  through  conductors,  or  whirling  round  and  round  them, 
which  motion   of  electricity  is  a  form   of  energy,  because   the 
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conductors  and  whirls  can  attract  or  repel  each  other  and  thereby 
do  work. 

"And,  on  the  other  hand,  that  light  is  the  rapid  alternation  of 
eoergy  from  one  of  these  forms  to  the  other — the  static  form 
where  the  medium  is  strained,  to  the  kinetic  form,  where  it 
moves;  it  is  just  conceivable  then  that  the  static  form  of  the 
energy  of  light  is  electrostatic,  that  is,  that  the  medium  is  elec- 
taricauy  strained,  and  that  the  kinetic  form  of  the  energy  of  light 
is  electro-kinetic,  that  is,  that  the  motion  is  not  ordinary  mo- 
tion, bat  electrical  motion — in  fact,  that  light  is  an  electrical 
bration,  not  a  material  one." 


*«. 


440.  The  Ether. — The  idea  of  the  ether,  upon  the  existence  of 
-w-faich  the  undulatory  theory  is  based,  was  first  introduced  by 
-A^ristotle,  who  taught  there  were  four  mundane  elements,  earth, 
jfcir,  fire,  water,  ana  a  fifth,  or  extra  mundane,  to  which  he  gave 
Dame  of  ether,  "  not  because  of  its  fire,  but  because  of  its  ethereal 
cular  movement"  Regarding  the  presence  of  some  such  ex- 
mely  attenuated  medium  in  celestial  space,  Ganot  says: 
-Although  it  presents  no  appreciable  resistance  to  the  motion 
~  the  denser  bodies,  it  is  possible  that  it  hinders  the  motion  of 
the  smaller  comets.  It  has  been  found,  for  example,  that 
Encke's  comet,  whose  period  of  revolution  is  about  8  J  years,  has 
ite  period  diminished  by  about  0.11  of  a  day  at  each  successive 
rotation,  and  this  diminution  is  ascribed  by  some  to  resistance 
of  the  ether." 

Concerning  the  nature  of  the  ether,  and  the  character  of 
luminous  vibrations,  Deschanel  observes:  "From  the  extreme 
facility  with  which  bodies  move  about  in  it,  we  might  be  dis- 
posed to  call  it  a  subtle  fluid;  but  the  undulations  which  it  serves 
to  propagate,  are  not  such  as  can  be  propagated  by  fluids.  Its 
elastic  properties  are  rather  those  of  a  solid,  and  its  waves  are 
analogous  to  the  pulses  which  travel  along  the  wires  of  a  piano 
rm*her  than  to  the  waves  of  extension  and  compression  by  which 
*>und  is  propagated  through  air.  Luminous  vibrations  are  trans- 
,  while  those  of  sound  are  longitudinal" 


*4l.  Vibrations  in  the  Ether,  their  Rate. — "Vibrations  are  capa- 
ble of  producing  other  effects  than  illumination.  They  consti- 
jpl*e  radiant  heat,  and  create  chemical  effects,  as  in  photography. 
u  °*e  °^  kigh  frequency,  or  short  period,  are  the  most  active 
c**^nnicallv.  Those  of  low  frequency,  or  long  period,  have 
^JJ^^lly  tne  most  powerful  heating  effects;  while  those  which 
a**JjOt  the  eye  with  the  sense  of  light  are  intermediate/' 
.  Tlie  rate  of  vibration  also  varies  with  the  color  of  the  light, 
I*  *V*e  case  of  red  light  being  482,000,000,000,000  or  482  (unit) 
kt&  X>^r  second;  and  for  violet  707,000,000,000,000,  or  707  (unit) 
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12.  In  like  manner,  the  wave  length  varies,  being  about  jy^,, 
inch  for  red,  and  s-o+ott  'or  violet  light. 

As  with  sound,  amplitude  of  vibration  increases  intensity,  so 
with  light,  brilliancy  is  dependent  upon  an  augmentation  of  the 
amplitude  of  vibration. 

An  advantage  arises  in  the  study  of  light  at  this  point,  as  the 
visibility  of  its  course  through  smoky  air  enables  us  to  illustrate 
many  properties  which  it  possesses  in  common  with  heat.  The 
latter  may,  therefore,  be  better  understood  after  the  former  has 
been  examined. 

442.  Sourcei  of  Light. — The  most  convenient  plan  to  adopt  in 
the  consideration  of  this  subject,  is  to  divide  all  sources  into 
natural  and  artificial.  The  sun,  the  chief  source  of  the  energy 
which  comes  to  this  earth  from  the  exterior,  beads  the  list  as 
being  the  most  important.  With  it  we  may  associate  the  stars 
and  nebulte,  which  are  self-luminous.  Then  among  celestial 
bodies  comets  would  follow,  shining  partly  by  intrinsic  light 
and  partly  by  reflection ;  then  the  planets  and  their  satellites, 
which  give  out  only  reflected  light. 

Following  upon  celestial  are  the  atmospheric  natural  sources, 
as  meteors,  lightning,  and  auroras,  which  originate  their  own 
light,  the  first  by  combustion,  the  others  by  electric  action  ;  and 
cloudlight,  twilight,  and  rainbows,  which  are  modifications  of 
sunlight,  resulting  from  reflection  and  refraction.  To  these, 
certain  terrestrial  sources,  as  phosphorescent  and  fluorescent 
actions,  are  to  be  added. 

Among  artificial  sources,  the  1st,  from  its  simplicity  and  uni- 
versal application,  is  combustion,  whether  of  gas,  oil,  solid  fat, 
wax,  wood,  or  coal.  2d,  on  account  of  its  intrinsic  brilliancy, 
the  electric  arc.  3d,  ignition  either  by  the  electic  current,  or 
by  heat  from  au  oxyhydrogen  flame,  or  other  source.  4th, 
mechanical  action,  as  the  impact  of  a  bullet,  or  indirectly 
through  intervention  of  magnetism  and  electricity,  as  in  lights 
developed  by  dynamo-electric  machines. 

443.  The  Sun. — The  distance  of  the  sun  from  the  earth  was 
formerly  given  at  95,000,000  miles,  recent  experiments  and  cal- 
culations put  it  about  91,600,000  miles.  Its  diameter  is  865,000 
miles.     Its  mean  density,  one-quarter  that  of  the  earth. 

As  regards  its  structure,  various  opinions  are  held.  Some 
conceive  that  it  consists  of  a  dark  internal  core,  outside  of  this 
are  envelopes,  the  first  being  the  photosphere,  or  light-emitting 
layer;  exterior  to  this  the  chromosphere,  and  outside  of  all,  the 
corona,  extending  a  million  miles  or  more. 

Regarding  the  physical  condition  of  the  material  which  emits 
solar  light.  Professor   Tail,  after  discussing  the  formation  of 
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dark  absorption  lines  in  a  spectrum,  and  the  existence  of  these 
lines  in  the  solar  spectrum,  sayB,  page  219:  "We  arrive,  there- 
fore, at  the  conclusion  that  the  sunlight  must  have  come  origin- 
ally from  some  black  body,  or  opaque  substance,  which  is  in* 
ttamy  self-lumiuous,  and  which  may  be  either  in  a  solid  or 
in  a  liquid  state — possibly  even  in  the  state  of  extremely  com- 
pressed gas.  However  this  may  be,  the  source  of  light,  in  the 
sun,  whatever  it  is,  must,  in  so  far  as  we  can  see,  give  off'  all 
kinds  of  radiations,  so  it  is  practically  a  black  body."  Again, 
jmge  248,  he  adds:  "The  source  of  sunlight  may  not  be  a  solid 
or  even  liquid  globe — it  may  be  merely  a  great  thickness  of  very 
hot  and  highly  compressed  gas;  in  fact,  it  seems  quite  possible 
that  no  portion  of  the  sun  may  be  as  yet  even  liquid.'7 

Of  the  chemical  nature  of  the  materials  composing  the  sun 
oar  knowledge  is  still  imperfect,  owing  to  changes  in  the 
spectra  yielded  by  various  elements  under  different  tempera- 
tures, and  other  causes.  For  information  regarding  these  the 
student  is  referred  to  the  admirable  paper  of  Lockycr,  in  "Na- 
ture," vols.  xxii.  and  xxiv.;  and  of  Prof.  Young,  "Am.  Journal 
of  Sciences  and  Arts,"  vol.  xii.  page  321.  It  may,  however,  be 
said  that  a  sufficient  number  of  coincidences  between  the  dark 
lines  of  the  solar  spectrum  and  the  lines  yielded  by  different 
metals  have  been  obtained  to  show  that  the  majority  of 
metals  exist  in  the  buii.  Regarding  the  non-metallic  elements, 
opinion  varies.  In  the  case  of  oxygen,  certain  well-known  lines 
which  I  submitted  to  photographic  examination,  are  represented 
by  exceedingly  faint  dark  lines  in  the  solar  spectrum.  These 
mily  appear  when  dispersion  is  very  great,  and  the  slit  used  in 
laming  the  spectrum  exceedingly  narrow.  See  "-Am.  Journal 
antra  and  Arts,"  vol.  xvi.  page  256,  and  vol.  xvii.  page  448. 

444.  Energy  of  Solar  Action,  its  Cause. — Since  sunlight  is  asso- 
tnHd  with  beat,  the  latter  affords  us  means  of  making  an 
Mfaate  of  the  energy  of  the  actions  taking  place  in  our  central 
luminary.  The  experiments  and  computations  of  Pouillet  and 
Hergchel  show  that  the  heat  received  by  the  earth  from  the  sun 
'B  sufficient  in  one  year  to  melt  a  layer  of  ice  about  one  hundred 
bat  in  thickness,  covering  the  surface  of  the  earth.  On  thiB 
Ws,  since  "  the  earth  occupies  only  a  very  small  extent  in  space 
-s  viewed  from  the  aim;  if  we  take  into  account  the  radiation 
in  all  directions,  the  whole  amount  of  heat  emitted  by  the  sun 
will  be  found  to  be  about  2,100,000,000,000  times  that  received 
by  the  earth,  or  sufficient  to  melt  a  thickness  of  two-fifths  of  a 
mile  of  ice  per  hour  over  the  surface  of  the  sun." 

Concerning  the  production  of  this  immense  quantity  of  heat, 
ami  also  of  light,  three  hypotheses  have  been  advanced.  The 
nr*t  was  that  of  chemical  combination  or  combustion,  this  can 
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now  scarcely  be  said  to  have  any  upholders.  Regarding  the 
others,  Deschauel  says,  "The  only  causes  that  appear  at  all 
adequate  to  produce  such  an  enormous  effect,  are  the  energy  of 
the  celestial  motions,  and  the  potential  energy  of  solar  gravita- 
tion. The  motion  of  the  earth  in  its  orbit  is  at  the  rate  of  about 
96,500  feet  per  second.  The  kinetic  energy  of  a  pound  of 
matter  moving  with  this  velocity  is  equivalent  to  about  104,000 
pound-degrees  Centigrade,  whereas  a  pound  of  carbou  produces 
by  its  combustion  only  8080.  The  inferior  planets  travel  with 
greater  velocity,  the  square  of  the  velocity  being  inversely  as 
the  distance  from  the  sun's  centre,  and  the  energy  of  motion  is 
proportional  to  the  square  of  velocity.  It  follows  that  a  pound 
of  matter  revolving  in  an  orbit  just  outside  the  sun  would  have 
kinetic  energy  about  220  times  greater  than  if  it  travelled  with 
the  earth.  If  this  motion  were  arrested  by  the  body  plunging 
into  the  sun,  the  heat  generated  would  be  about  2300  times 
greater  than  that  given  out  by  the  combustion  of  a  pound  of 
charcoal.  We  know  that  small  bodies  are  travelling  about  in 
the  celestial  spaces,  for  they  often  become  visible  to  us  as 
meteors,  their  incandescence  being  due  to  the  heat  generated  by 
their  friction  against  the  earth's  atmosphere,  and  there  is  reasou 
to  believe  that  oodies  of  this  kind  compose  the  immense  circum- 
solar uebula  called  the  zodiacal  light,  and  also,  possibly,  the 
solar  corona  which  becomes  visible  in  total  eclipses.  It  is  proh- 
able  that  these  small  bodies,  being  retarded  by  the  resistance  of 
an  ethereal  medium,  which  is  too  rare  to  interfere  sensibly  with 
the  motions  of  such  large  bodies  as  the  planets,  are  gradually 
3ucked  into  the  sun,  and  thus  furnish  some  contribution  towards 
the  maintenance  of  Bolar  heat.  But  the  perturbations  of  the 
inferior  planets  and  comets  furnish  an  approximate  indication 
of  the  quantity  of  matter  circulating  within  the  orbit  of  Mercury, 
and  this  quantity  is  found  to  be  such  that  the  heat  which  it 
could  produce  would  only  be  equivalent  to  a  few  centuries  of 
solar  radiation." 

"Helmholtz  has  suggested  that  the  smallness  of  the  sun's 
density — only  one-fourth  of  that  of  the  earth — may  be  due  to 
the  expanded  condition  consequent  on  the  possession  of  a  very 
high  temperature,  and  that  this  high  temperature  may  bo  kept 
up  by  a  gradual  contraction.  Contraction  involves  approach 
towards  the  sun's  centre,  and,  therefore,  the  performance  of 
work-by  solar  gravitation.  By  assuming  that  the  work  thus 
done  yields  an  equivalent  of  heat,  he  arrives  at  the  couchi-ion 
that,  if  the  sun  were  of  uniform  density  throughout,  the  heat 
developed  by  a  contraction  amounting  to  only  one  ton-thousandth 
of  the  solar  diameter,  would  be  as  much  as  is  emitted  by  the 
sun  in  2100  years." 
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445.  Start,  Planets,  and  Satellites. — Like  our  sun,  the  stars  are 
themselves  luminous.  Our  present  knowledge  regarding 
them  has  been  obtained  chiefly  by  the  study  of  their  spectra. 
See  spectrum  analysis  (647).  P rofessor  Tait  gives  the  follow- 
ing as  a  summary  thereof. 

"  When  we  compare  the  spectra  of  different  stars  with  that 
of  the  sun,  we  come  to  some  very  curious  conclusions.     We  find 
four  classes  of  spectra,  as  a  rule,  among  the  different  fixed  stars 
which  have  seemed  of  importance  enough  to  be  separately  ex- 
arniued.     The  first  class  of  spectra  are  those  of  white  stars. 
You  see  an  admirable  example  in  Vega,  and  another  in  Sirius, 
or  the  dog-star.     All  these  white  stars  have  this  characteristic, 
that  they  nave  an  almost  continuous  spectrum  with  few  dark 
lines  crossing  it,  and  these  few  for  the  most  part  lines  of  hydro- 
gen.   These  stars  are  iu  all  probability  at  a  considerably  higher 
temperature  than  the  sun.     Then  you  come  to  the  class  of  yellow 
stars,  of  which  our  sun  is  an  example.     In  their  spectra  you 
have  many  more  dark  lines  than  in  those  of  the  white  stars,  but 
you  have  nothing  of  the  nature  of  nebulous  bands  crossing  the 
spectrum  such  as  you  find  in  the  third  class;  still  less  have  you 
curious  zones  of  shaded  lines  which  you  have  in  the  fourth  class 
of  stars.     This  classification  seems  to  point  out  the  period  of 
life,  or  phase  of  life  of  each  particular  star  or  sun.     When  it  is 
formed  by  the  impact  of  enormous  quantities  of  matter  coming 
together  by  gravitation,  you  have  the  very  nearly  continuous 
spectrum  of  a  glowing  white  hot  liquid  or  solid  body  (or,  it  may 
be,  dense  gas),  the  sole,  or  nearly  sole,  absorbent  being  gaseous 
hydrogen  in  comparatively  small  quantity,  and  the  spectrum 
having,  therefore,  few  absorption  lines.     As  it  gradually  cools, 
more  and  more  of  those  gases  surrounding  its  glowing  surface 
become  absorbent,  and  so  you  have  a  greater  number  and  variety 
of  lines.     Then,  as  it  still  further  cools,  you  have  those  nebulous 
hands  which  seem  to  indicate  the  presence  of  compound  sub- 
stances which  could  not  exist  in  the  first  two  classes,  because 
there  the  temperature  is  60  high   as  to  produce  dissociation. 
Still  further  complexity  of  compounds  will  be  found  in  the  at- 
mospheres of  the  fourth  class.     But  sometimes,  as  in  the  case 
°f  temporary  stars,  a  spectrum  of  the  fourth  class  is  suddenly 
crossed  by  the  bright  lines  of  hydrogen — showing  either  a  last 
effort  in  the  discharging  of  red  flames,  or  a  flicker  due  to  some 
last  chance  impact  of  meteoric  matter.     So  that  we  can  study, 
•f  it  were,  not  the  succession  of  phases  of  life  in  any  one  par- 
^ularBtar,  but  different  simultaneous  phases  in  many;  we  can 
study  some  stars,  as  it  were,  starting  into  life,  others  getting 
older, others  older  and  older;  and  we  occasionally  find  a  most 
^tnarkable  circumstance  happening  with  a  star  that  has  prac- 
tically died   out — a  star  which   is   scarcely  noticeable  by  the 

2."> 
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astronomer.     Such  a  star  occasionally  has  an  outburst  renderiL:^u# 
it  for  a  little  time — sometimes  for  several  years — as  bright  &    ** 
Jupiter  itself.     One  such  case  very  liickily  occurred  within  tk      w 
spectroscope  period.    It  was  carefully  examined  by  Hugging,  autfw' 
the  result  of  the  examination  was  to  show  that  it  was  a  sta~~*r 
which  had  gone  on  cooling,  or  at  all  events  had  reached  tb.    * 
lowest  of  its  cooling  stages,  but  suddenly  became  bright  becau*— ^ 
of  an  outburst  of  hydrogen.     Bright  lines  broke  out  across  it 
spectrum,  showing  that  the  incandescent  gas  which  was  in  il 
atmosphere  was  at  a  higher  temperature  than  the  star  itself." 

The  planets  which  belong  to  our  system  and  their  moons  01 
satellites,  all  shine  by  reflected  light,  which  originates  in  ther 
sun.     They  do  not,  therefore,  present  any  additional  points  of 
interest.     The  same  may  be  said  of  other  celestial  sources  of 
light,  with  the  exception  of  comets. 

446.  Comets. — Of  all  celestial  phenomena,  that  ot  the  comet 
with  its  wonderful  expanse  of  tail  has  always  commanded  the 
attention  of  men.  In  ancient  days  they  were  thought  to  be  the 
evidence  of  the  anger  of  an  avenging  deity,  and  men  sought 
to  avert  impending  doom  by  supplications  and  sacrifices.  The 
belief  is  now  almost  universal,  that  by  collision  with  one  of 
these  wanderers  in  space,  the  earth  will  meet  its  destruction. 
While  we  have  neither  space  nor  inclination  to  enter  upon  the 
discussion  of  so  improbable  an  event,  there  is  one  point  regard- 
ing the  structure  of  comets  of  especial  interest  to  physicians. 
It  is  derived  from  the  study  of  their  spectra.  Regarding  them. 
Professor  Tait  says: 

"  Such  small  comets  as  have  been  observed  have  given  spectra 
which  are  extremely  well  worth  noticing.  These  observa- 
tions seem  to  show,  first  of  all,  that  the  tail  of  a  comet  gives  a 
spectrum  like  that  of  the  moon,  or  other  body  illuminated  by 
sunlight:  in  other  words,  that  the  tail  of  the  comet  is  not  self- 
luminous — that  it  shines  by  scattered  sunlight.  But  the  head 
of  the  comet  shows  in  general  a  spectrum  which  indicates  the 
presence  of  glowing  gas;  that  is  to  say,  its  spectrum  is  not  con- 
tinuous, nor  is  it  visiblv  intersected  bv  dark  lines.  It  consists 
of  three  bright  bands  of  light,  each  sharply  terminated  towards 
the  red  end  of  the  spectrum,  and  shading  away  upwards  to  the 
violet  end.  Now  Mr.  Huggins,  who  first  observed  this,  was 
struck  by  the  resemblance  of  this  spectrum  (as  he  saw  it  in  the 
telescope)  to  a  terrestrial  spectrum  which  he  had  noted  before; 
and  going  over  his  note-book,  he  found  it  resembled  the  de- 
lineation of  the  spectrum  of  a  hydrocarbon,  such  as  olefiant 
gas,  rendered  incandescent  by  passing  an  electric  discharge 
through  it." 

Setting  aside  the  question  of  luminosity,  that  of  the  presence 
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>f  a  hydrocarbon  (which  might  possibly  be  an  organic  body)  in 
the  nucleus  of  comets,  has  given  rise  to  the  wildest  speculations. 
It  has  been  suggested,  and  not  altogether  in  sport,  that  in  some 
occult  way  a  comet  may  first  have  Brought  the  germs  of  life  to 
the  earth. 

447.  Atmospheric  Sources  of  Light. — Among  the  atmospheric 
sources  of  light  (442),  are  auroras  and  lightning.  These  pos- 
sess a  certain  interest  by  virtue  of  their  relations  to  the 
electric  conditions  of  air,  and  the  formation  of  ozone,  or  active 
oxygen;  and  also  from  their  effects  upon  the  compass,  and  dip- 
ping needles.  Since  their  relation  to  man  and  his  interests  are 
rather  through  electric  than  luminous  properties,  we  shall  defer 
consideration  of  them  to  the  domain  of  electricitv. 

448.  Phosphorescence  may  be  defined  as  the  power  which  many 
bodies  possess  of  emitting  light  under  the  influence  of  certain 
stimuli.  This  is  attended  by  little  or  no  heat.  The  conditions 
favorable  to  the  development  of  phosphorescence  are : 

1st  Spontaneous  phosphorescences  resulting:  1st,  from  ner- 
vous action;  2d,  slow  oxidation;  3d,  decay  of  organic  substances. 
Examples  of  the  first  are  seen  in  certain  articulates,  as  the  glow- 
worm and  firefly;  in  numerous  acalephce,  or  jelly-fish,  some  of 
which  are  very  large;  in  minute  rhizopods;  certain  tropical 
tnimalcules  emit  a  luminous  matter   so   diffusive,  that  when 

5 laced  in  a  tumbler  of  water  they  illuminate  the  entire  mass  of 
uid. 

Examples  of  production  of  light  by  slow  oxidation  are  seen  in 
the  cage  of  active  phosphorus  and  of  many  of  its  solutions. 

Organic  matter,  both  vegetable  and  animal,  at  a  particular 
•tige  of  decay  emits  light.  Certain  kinds  of  wood,  among 
which  is  the  willow,  possess  this  property  in  a  marked  degree, 
•nd  it  is  not  improbable  that  to  this  cause  the  ignis  fatui  may  be 
attributed.  Among  animal  structures  many  fish,  as  herring, 
mackerel,  smelt,  when  dead,  often  become  phosphorescent  in 
the  dark.  The  same  phenomenon  has  also  appeared  in  the 
dying,  and  recently  dead,  human  body.  It  disappears  the 
moment  putrefaction  has  fairly  set  in. 

'2d.  Mechanical  action;  like  friction,  cleavage,  percussion,  as 
wben  two  quartz  pebbles  are  rubbed  or  struck  against  each 
other,  or  when  pieces  of  white  sugar  are  rubbed  together  or 
broken  in  the  dark. 

3d.  Heat.  In  the  case  of  many  minerals,  temperatures  of 
W0C  F.,  or  less,  suffice  for  the  development  of  phosphorescent 
light.  Among  such  bodies  are  certain  diamonds,  and  particu- 
larly dlorophane,  a  species  of  fluor-spar. 
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4th.  Electricity;  especially  in  the  case  of  sparks  from  fcJiw 
frictional  machine  and  induction  coil.  The  substances  whi<di 
become  luminous  by  the  action  of  this  agent  are  generally  th< 
which  attain  this  property  when  submitted  to  sunlight 

5th.  Insolation.  Many  substances  exposed  to  sunlight  becoi 
phosphorescent  in  the  dark;  diffuse  daylight  causes  the 
result  iu  a  less  degree.  This  was  first  observed  in  the  case  of 
the  sulphide  of  barium  or  Bolognese  phosphorus  in  160M. 
Since  then  many  other  substances  have  been  added  to  the  list, 
their  power  being  in  the  order  their  names  are  given. 

Sulphide  of  calcium.  ,        Cyanide  of  calcium. 

Sulphide  of  strontium.  Many  strontium  compounds. 

Yellow  and  other  diamonds.  Many  barium  compounds. 

Fluor-spar.  Many  magnesium  com  pounds. 

Calcareous  concretions.  Paper,  dry. 

Chalk.  Silk. 

Apatite.  Cane  and  milk  sugar. 

Heavy-spar.  Amber. 

Nitrate  of  calcium,  dry.  Teeth,  etc. 

Chloride  of  calcium,  dry. 

Variously  colored  lights  act  differently  with  substances.  T\^  € 
tint  of  the  light  of  a  phosphorescent  body  varies  with  the  mann^"  l 
of  preparation.  The  duration  is  also  very  changeable,  from  ^^ 
few  seconds  in  some,  to  thirty  hours  in  the  cases  of  the  «of  ^ 
phides  of  calcium  and  strontium. 

449.  Fluorescence  is  by  many  confounded  with  phosphorescence. 
The  term  is  applied  by  Stokes  to  the  fact  that  certain  bodies 
possess  the  property  of  changing  the  refrangibility  (490)  of  the 
rays  falling  upon  them.  Among  such  substances  especial  men- 
tion is  made  of  solution  of  the  sulphate  of  quinine,  which  renders 
the  invisible  ultra-violet  rays  of  the  spectrum  visible.  A  similar 
result  occurs  when  these  rays  fall  upon  paper  impregnated  with 
sesculine  (from  the  horse  chestnut),  or  with  alcoholic  solution  of 
stramonium.  The  crystalline  lens  of  the  eye  is  also  slightly 
fluorescent.  Among  dense  solids  which  possess  this  property  is 
canary  colored  uranium  glass. 

In  the  majority  of  instances,  fluorescence  arises  by  the  action 
of  the  more  retrangible  or  ultra-violet  rays,  which  undergo  a 
diminution  in  refrangibilitv,  but  is  not  confined  to  these.  While 
glass  absorbs  the  more  refrangible  rays,  quartz  allows  their 
passage.  If  a  prism  and  trough  formed  of  quartz  are  used, 
and  the  spectrum  received  on  paper  imbued  with  solution  of 
sulphate  of  quinine,  two  spectra  are  obtained,  that  on  the  qui- 
nine portion  extending  beyond  the  line  H,  to  a  distance  equal 
to  the  whole  visible  spectrum. 

Fluorescence  may  be  shown  without  the  use  of  a  prism.     Let 
light  be  admitted  through  blue  glass  into  an  otherwise  dark 
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room,  bold  in  the  track  of  the  blue  light  a  test  tube  partly  filled 
with  solution  of  the  sulphate  of  quinine,  on  which  ethereal  solu- 
tion of  chlorophyle  has  been  poured.  By  transmitted  light  the 
quinine  will  appear  colorless,  and  the  chlorophyle  green,  while 
by  reflected  light  the  quinine  will  be  blue,  and  the  chlorophyle 
red. 

By  the  electric  light  and  quartz  apparatus  fluorescent  spectra 
of  great  length  may  be  obtained.  Some  flames  of  moderate 
illuminating  power  produce  marked  effects.  Writing  made 
with  stramonium  solution  is  invisible  by  daylight,  but  if  illu- 
minated with  the  flame  of  burning  sulphur,  or  sulphide  of  car- 
bon, it  instantly  appears. 

450.  Calorescence  is  a  term  applied  by  Tyndall  to  the  fact 
that  invisible  heat  rays  may  be  transformed  into  bright  light  if 
received  upon  certain  opaque  surfaces.     His  demonstration  of 
this  fact  is  as  follows:    The  light  from  an  electric  arc  is  passed 
through  a  rock-salt  cell  containing  iodine  dissolved  in  sulphide 
of  carbon.     This  stops  all  the  rays  of  light,  but  allows  the  heat 
rays  to  pass  freely.    These  being  received  upon  a  concave  mirror 
are  brought  to  a  focus  which  is  invisible,  but  the  moment  a 
piece  of  thin  platinum  foil  is  placed  therein  it  becomes  lumi- 
nous, emitting  a  white  light  which  shows  all  colors  of  the  spec- 
trum when  viewed  through  a  prism.     In  this  case  light  is  in  no 
way  the  product  of  chemical  action,  as  with  numerous  other  sub- 
stances that  might  be  used.     The  platinum  comes  out  of  the 
ordeal  unchanged  as  far  as  oxidation  is  concerned.     The  light 
baa,  therefore,  arisen  solely  from  the  conversion  of  dark  radiant 
beat  into  bright  rays. 

4BL  Incandescence  and  Oxyhydrogen  Lights. — The  term  incan- 
descence is  generally  used  to  indicate  the  emission  of  light  by 
a  solid  or  liquid  by  virtue  of  elevated  temperature,  and  inde- 
pendently of  any  chemical  action  in  the  luminous  body.  In  the 
Preceding  article  on  calorescence,  the  platinum  is  incandescent. 
The  same  effect  is  produced  when  it  is  plunged  in  the  almost  in- 
visible flame  of  pure  hydrogen. 

Among  the  best  examples  of  incandescence  are  the  lights  pro- 
duced when  a  burning  oxyhydrogen  jet  impinges  upon  certain 
oxides,  as  lime,  magnesia,  and  zirconia.  These  solid  bodies 
under  the  intense  heat  become  highly  luminous.  There  is  no 
Proper  chemical  action,  though  a  portion  of  the  oxide  under- 
goes volatilization,  the  zirconia  less  than  the  others. 

For  the  purpose  of  class  room  demonstration  by  the  projection 
°f  photographs,  or  microscopic  objects  upon  a  screen,  these 
•Jjhts  are  well  adapted.  They  do  not  possess  the  intrinsic 
brilliancy  of  the  electric  arc,  but  they  are  steady,  and  not  so 
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trying  to  the  eyes.  By  virtue  of  its  low  power  of  volatiliza- 
tion, the  zirconia  light  otters  the  most  satisfactory  results. 
For  the  preparation  of  this  oxide,  and  the  formation  of  pencils 
or  cylinders  suitable  for  the  oxyzirconia  light,  the  student  is 
referred  to  an  article  I  published  in  the  "  American  Journal  of 
Sciences  and  Arts,"  for  Sept.  1877,  page  208. 

Another,  and  very  interesting  example  of  incandescence  re- 
sults when  an  electric  current  is  forced  to  pass  along  a  narrow 
conductor,  as,  for  example,  a  thin  platinum  wire,  or  a  thin 
channel  of  charcoal  enclosed  in  a  vacuum,  or  an  atmosphere 
which  is  a  non-supporter  of  combustion.  The  recent  applica- 
tion of  this  method  for  artificial  illumination  is  well  known. 

In  all  the  cases  cited,  analysis  of  the  light  by  a  prism  shows 
a  continuous  spectrum,  containing  alt  seven  colors,  though  there 
is  more  or  less  variation  in  intensity  in  different  regions.  A 
magnesium  light,  being  very  rich  in  the  more  refrangible  and 
chemical,  and  the  zirconian  in  the  less  refrangible  and  heat 
rays. 

Incandescence  in  liquids  does  not  show  any  great  difference 
from  that  in  solids.  The  phenomena  are  best  seen  in  molten 
metals  the  volatilizing  point  of  which  is  sufficiently  high. 

Gases  and  vapors  may  also  be  rendered  incandescent  »y  means 
of  electricity ;  especially  is  this  the  case  when  the  spark  from 
an  induction  coil  is  employed,  and  a  condenser  intervened  in 
the  course  of  the  current.  The  spectrum,  under  these  circum- 
stances, ordinarily  consists  ofccrlain  colored  hands  or  lines.  If, 
however,  the  gas  is  eompressed, and  the  temperature  sufficicntly 
intense,  there  is  reason  to  suppose  that  the  spectrum  may  be- 
come continuous,  as  with  the  photosphere  of  the  sun,  which  is 
generally  thought  to  consist  of  highly  condensed  gaseous  matter 
at  an  exceedingly  high  temperature. 

462.  Electric  Arc  and  Light.— "When  the  poles  of  an  electric 
battery  are  brought  together  and  then  separated,  the  current  of 
electricity  flows  across  the  break  (providing  it  is  not  too  great 
for  its  strength),  and  produces  the  most  brilliant  of  all  artificial 
lights.  Any  conductor  will  answer  for  the  formation  of  the 
electric  arc,  but  for  its  continuation  for  a  length  of  time  only 
the  most  infusible  substances  can  be  employed.  It  is,  there- 
fore, found,  in  the  practical  application  of  this  light,  that  rods 
made  of  gas-carbon  are  to  be  preferred  to  all  others,  on  acoount 
of  the  comparative  incombustibility,  and  resistance  to  volatili- 
zation. 

Even  in  the  electric  are  conveyance  of  matter  from  one  pole 
to  the  other  takes  place.  It  is,  therefore,  not  at  all  improbable 
thai  the  light  is  that  of  incandescence  either  of  a  solid,  liquid. 
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or  gaseous   body.     This   view   is  borne  out  by  the  fact,  that 
the  spectrum  is  continuous. 

453.  Motion  and  Light. — When  a  ball  from  a  heavy  piece  of 
ordnance  strikes  an  iron  target,  at  the  moment  of  impact  a 
bright  flash  of  light  is  seen.  Herein  we  find  the  conversion  of 
motion  into  light.  At  the  same  time  heat  is  also  developed,  as 
is  proven  by  the  fact,  that  the  temperature  of  minute  portions  of 
the  missile,  or  target,  are  raised  sufficiently  high  to  cause  their 
fasion. 

The  practical  conversion  of  motion  into  light  is  admirably 
illustrated   in    modern   dynamo-electric   machines.      By    their 
agency,  energy  derived  from  combustiou,  gravity,  or  any  other 
source,  is,  through  the  intervention  of  magnetism,  made  to  pro- 
duce electric  currents.     So  great  is  the  power  of  these  currents, 
that  they  far  surpass  that  of  any  electric  battery  thus  far  con- 
structed.    The  importance  of  this  source  of  light  cannot  yet  be 
estimated.     Obtaining  motion  from  falling  water,  or  from  tidal 
action,  its  cost  after  the  construction  of  the  necessary  machinery 
i*  insignificant.     Experiments  have  thus  far  shown  its  adapta- 
bility For  out-door  illumination,  and  any  day  may  witness  the 
perfection  of  means  for  its  utilization  for  household  purposes. 

451  Combustion  or  Chemical  Action. — Though  the  burning  of 
Phosphorus  and  magnesium  yield  brilliant  light,  yet,  from  a 
practical  point  of  view,  only  combustions  in  the  air  of  bodies 
nch  in  hydrogen  and  carbon  deserve  our  attention.  Among 
these  we  may  consider:  1st,  illuminating  and  other  kinds  of 
£&$;  2d,  fluids,  as  different  kinds  of  oils,  alcoholic  and  other 
solutions;  3d,  solids,  as  fats,  wax,  resins. 

The  question  of  artificial  illumination  in  dwellings,  is  one 
Physicians  cannot  afford  to  neglect.  Especially  in  diseased  con- 
ations of  the  eye  is  its  consideration  paramount.  We  shall, 
therefore,  devote  sufficient  space  to  its  examination,  to  give  a 
k?p  account  °f  the  principles  involved,  and  the  best  means  for 
their  application. 

454.  Illumination  by  Gas  Flames. — The  simplest  case  of  com- 
bustion is  that  offered  by  ordinary  illuminating  gas;  for  the 
**ke  of  convenience,  we  may  regard  it  as  being  practically  pure, 
insisting  of  compounds  of  hydrogen  and  carbon.  Such  gas 
ni*y  be  burned  with  three  different  results: 

1st.  If  the  supply  of  air  is  insufficient,  an  %elongated  smoky 
"&me  is  produced,  which  possesses  slight  illuminating  power. 
Uu  lowering  into  this  any  cool  surface,  as,  for  example,  a  porce- 


lain  capsule,  it  is  instantly  covered  with  a  copious  deposit  of 
lampblack,  or  carbon,  in  a  state  of  exceedingly  tine  subdivision. 

■2d.  If  the  gaB  is  mingled  with  a  sufficient  proportion  of  air 
before  ignition,  as  in  the  Buuseu  burner,  a  non-luminous  pale 
light  is  obtained;  lowering  a  porcelain  surface  into  this,  it  may 
remain  therein  for  some  time  without  the  formation  of  any 
deposit. 

3d.  By  arrauging  the  form  of  the  issuing  jet  of  gas  to  give 
proper  exposure  to  the  air,  a  highly  illuminating  flame  is  pro- 
duced, as  with  duplex  burners.  Lowering  a  porcelain  surtiice 
into  this,  we  again  obtain  the  deposit  of  carbon  or  soot,  though 
moderate  in  amount. 

From  the  consideration  of  these  results  we  arrive  at  an  ex- 
planation of  the  source  of  light  in  ordinary  illuminating  flames. 
and  we  find  that,  as  in  many  other  instances,  it  is  produced  by 
incandescence  of  matter  at  an  exceedingly  high  temperature. 

Recalling  the  case  of  the  non-luminous  flame  of  hydrogen, 
and   the   immediate  incandescence  of  the  platinum  foil  when 

filaeed  therein,  let  us  apply  the  same  experiment  to  the  non- 
uminous  Bunsen  flame.  At  once  the  platinum  glows,  and 
light  of  considerable  intensity  is  emitted.  There  is,  therefore, 
in  that  flame  sufficient  heat  to  develop  light.  Wherein  lies  the 
reason  of  its  non-appearance? 

The  method  employed  for  the  production  of  the  BoMUl 
flame  consists  in  mingling  tin;  ■  ■uinlnistil'le  gas  with  a  consider- 
able proportion  of  air  before  ignition.  By  this  operation  both 
constituents  of  the  gas  are  completely  burned  or  oxidized  by 
oxygen  of  the  air.  The  hydrogen  produces  vapor  of  water,  and 
the  carbon,  carbonic  acid  gas.  At  the  temperatures  and  pres- 
sures reached  in  ordinary  flames,  neither  of  these  bodies  pos- 
sesses the  power  of  emitting  light  to  any  extent  when  compared 
with  that  of  a  solid.  Therefore,  since  the  Bunsen  flame  does 
not  contain  solid  matter,  it  is  non-luminous;  but  the  DaOTOMit 
we  place  a  solid,  as  platinum,  therein,  light  is  at  once  produced, 
When  illuminating  gas  is  burned  with  an  insufficient  supply 
of  air,  we  may  say  that  only  the  hydrogen  has  been  consumed. 
The  carbon  of  the  gas  not  being  oxidized,  separates  as  smoke 
or  soot  easily  collected  on  a  cool  surface  on  which  the  flam.-  h 
caused  to  impinge.  In  this  cbbc,  we  have  a  certain  i 
of  luminosity  attending  the  presence  of  solid  matter,  but  the 
temperature  attained  by  the  burning  hydrogen  is  not  sufficient 
to  beat  the  carbon  to  the  requisite  degree  for  the  oopiom 
production  of  luminous  eflcct. 

In  the  third  caetc,  the  supply  of  oxygen  of  the  air  is  adjusted 
to  produce  the  most  intense  degree  of  heat.  The  whole  of  the 
hydrogen  and  a  portion  of  the  carbon  are  burned  in  a  *rnall 
compass.    The  uncoiiHumed  carbon  is,  therefore,  raised  to  a  wj 
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a  effect  proportionately  in- 


:gh  temperature,  and  the   1 
ised. 

:i  addition  to  facts  given  showing  that  luminosity  of  hydro- 
i  flames  is  produced  by  the  presence  of  particles  of  solid 
n  therein,  wequote  the  following  summary  by  Prof  Barker, 
Ileumasen's  argument  on  this  point. 

-  1st.  The  increased  luminosity  which  chlorine  gives  to  weakly 

uminrme   or  non-luminous   flames,  is   due  to  its  well-known 

property  of  separating  the  carbon  as  such.     2d.  A  rod  held  in  a 

flame  is  smoked  only  on  the  lower  side,  the  aide  opposed  to  the 

gas  stream ;  were   the   carbon    there   as   vapor,  as   Franklami 

assumes,  it  would  be  condensed  by  a  cooling  action  and  so  all 

around  the  rod.     3d.   A  body  held  in  the  flame  is  smoked  even 

when  it  is  in  a  state  of  ignition  ;  this,  therefore,  cannot  be  con- 

■.v. it  ion  of  a  vapor.     4tb.  These  particles  can  be  actually  seeu 

tu  the  flame  when  it  is  made  to  strike  against  a  second  flame  or 

an  ignited,  surface,  the  particles  aggregating  together  to  form 

vitiWe  masses.     5th.  The  luminous  portion  of  a  flame  is  not 

my  transparent,  no  more  so  than  the  layer  of  smoke  of  the 

same  thickness  which  rises  above  a  flame  fed  with  turpentine. 

Am],  tit h.  flames  which  unquestionably  owe  their  luminosity  to 

the  presence  of  solid  particles  give  a  shadow   with  sunlight, 

! I' i i.-i.'ly  as   do    hydrocarbon    flames;    while  luminous  flames 

composed  of  ignited  gases  and  vapors  only,  give  no  such  shadow 

■lit.     'Liebig's  Annalen,'  clxxxiv.  206,  Dec.  1876." 

To  this    theory  of  the  dependence  of  luminosity  upon    the 

[TWmmi  of  solid  matter  at  a  very  high  temperature  in  flames, 

'here  are  certain  exceptions.     Among  these,  we  may  mention 

'he  flame  of  areeniuretted  hydrogen  burning  in  air.     Here  we 

Weahighly  luminous  result  quite  independent  of  the  presence 

°fany  solid  matter,     ft  is  true,  that  araeuious  oxide  is  formed, 

:    ntbttance  volatilizes  below  a  red  heat.     All  the  products 

Combustion   are,   therefore,  in  the  gaseous  state,  and  offer 

wtdence  that   in   certain    conditions  gases   or   vapors   may  be 

'u'oiooim,  and  not  under  very  great  pressures  or  temperature. 

*66.   Forms  of  Gas   Burners, — Ordinary  illuminating   gas  is 

I  usually  burued  from  jets  called  fish-tail  or  fan-lights.     In  the 

1  apertures  from  which  it  escapes  are  circular,  with 

|wo  streams  impinging  upon  each  other  producing  a  thin  Bheet 

ii  gas,  which  on  ignition  gives  a  flame  resembling  the  tail  of  a 

i*h.     Under  these  conditions  of  combustion,  when  the  supply 

»|J  force  are  properly  regulated   by  a  stop-cock  a  very  high 

I  ■  .  yielding  a  satisfactory  degree  of  illumination,  is 

lie  result. 

Iln  lan-light  burners  the  aperture  of  escape  is  in   the  torm  of 
•lit.  sometimes  double.     The  manner  of  action  is  similar  to 


. 


the  fish-tail ;  the  flame,  however,  is  much  broader,  being  in  the 
form  of  a  fan.  In  duplex  burners  two  flames  burn  side  by  Bide. 
They  may  be  either  gas  or  kerosene. 

Iu  these  varieties  the  character  of  the  material  forming  the 
jet  sooner  or  later  has  a  marked  influence  upon  the  form  of  the 
flame.  If  the  tip  is  of  brass  or  other  metal,  it  becomes  corroded. 
the  jet  is  changed  and  the  gas  not  burned  to  the  bcBt  advan- 
tage. It  is  true  the  openings  may  be  cleansed,  but  after  this  has 
been  done  a  few  times,  they  become  enlarged  and  no  longer 
work  well.  To  avoid  this  difficulty  jots  are  made  of  lava,  which 
does  not  undergo  change,  and  may  be  freed  from  duet  without 
alteration  of  form. 

While  the  tish  and  fan  tips  answer  perfectly  well  for  ordinary 
purposes  of  illumination,  the  flickering  or  irregular  manner  in 
which  they  consume  gas  is  a  serious  objection  againBt  their  use 
by  the  student.  To  avoid  this,  and  at  the  Burae  time  procure  a 
more  intense  and  whiter  light,  the  Argand  burner  was  con- 
trived. It  consists  of  a  series  of  small  openings  arranged  in  the 
form  of  a  ring,  air  having  access  to  the  interior  and  exterior  of 
a  hollow  cylinder  of  flame.  By  means  of  a  glass  chimney  the 
draught  or  Bupply  of  air  is  iucreased,  and  a  more  intense  heat 
and  greater  illuminating  power  attained.  At  the  same  time 
the  flame  is  perfectly  steady,  and  the  injurious  effects  of  flick- 
ering avoided.  When  used  with  a  porcelain  or  ground  glass 
shade  or  globe  this  form  gives  the  best  light  for  the  student 
and  reader. 

457.  Illumination  by  Flames  from  Fluids  is  one  of  the  earlier 
methods  for  obtaining  artificial  light.  The  most  ancient  form 
of  lamp,  which  is  BtilTiu  use  in  the  south  of  Europe  as  a  uigbt- 
light,  consists  of  a  button-like  disk  of  wood  through  which  a 
Bhort  piece  of  cloth  or  coarse  thread  is  passed.  This  is  floated 
upon  the  surface  of  oil  placed  in  a  cup,  and  answers  as  a  wick 
when  ignited.  With  the  commou  oil  lamp,  all  who  live  in  rural 
regions  are  familiar.     It  is  a  mere  modification  of  the  preceding. 

Before  petroleum  and  kerosene  were  introduced  as  sources 
of  artificial  light,  it  had  been  found  that  the  best,  purest,  and 
brightest  flame  was  obtained  by  burning  oil  freely  supplied  to  a 
hollow  cylindrical  wick,  in  the  interior  of  a  glasB  chimney.  No 
light  has  ever  surpassed  that  of  the  Carcel  or  mechanical  lamp, 
the  action  of  which  was  based  upon  this  principle,  the  oil  being 
pumped  up  to  the  wick  by  machinery  driven  by  clock-work. 
Rape  seed  or  other  vegetable  oils  are  best  suited  to  these  lamps. 

In  the  so-called  student's  lump,  a  similar  free  supply  of  com- 
bustible is  obtained  by  placing  the  reservoir  of  oil  in  such  posi- 
tion that  the  supply  of  fluid  is  assisted  by  gravity,  Fig.  187. 

The  light  given  by  the  modern  kerosene  lamp  is  admirable  in 
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Fia.  187. 


Student'!  lamp. 


its  character.     The  method  of  combustion  is  that  employed  in 

the    Carcel  and  student's  lamps,  an  increased  rate  of  burning 

being  obtained  by  means  of  a  glass  chimney.     The  supply  of 

air,  however,  requires  greater  care  in  its  regulation.     The  nest 

results  are  attained  by  increase  or  diminution  in  the  quantity  of 

air,  by  increasing  or  diminishing  the  size  of 

the  openings  through  which  it  passes.     The 

proper  adjustment  of   the   shield   through 

which  it  is  thrown  upon  the  wick,  is  also 

necessary. 

The     Argand,     kerosene,     Carcel,    aqd 

student's  lamp  flames,  should   be   softened 

by    porcelain  or  ground-glass  shades.     The 

light  should  also  be  prevented  from  falling 

upon  the  eyes,  by  means  of  opaque  shades 
of  paper  or  other  suitable  material.  Especial 
attention  must  be  paid  to  this  precaution 
when  eyes  are  weak  or  sensitive. 

In  the  combustion  of  oil  the  fluid  is  prac- 
tically a  compound  of  hydrogen  and  carbon, 
*ocl  is  converted  into  a  gaseous  body  as  the 
action  goes  on.  The  source  of  the  luminous 
^fffect  is,  therefore,  virtually  the  same  as  with  ordinary  illuminat- 
*nfiT  gas-  The  method  to  be  followed  is  to  regulate  the  supply 
Jjf  air  to  burn  the  hydrogen  completely,  and  the  carbon  in  part. 
The  combustion  action  should  be  kept  within  the  narrowest 
"***it8,  in  order  to  gain  the  highest  temperature,  and  thereby 
force  the  remaining  portions  of  carbon  to  emit  light  of  the 
IS^^atest  intensity.  In  addition  to  natural  oils  and  naphthas, 
epilations  of  various  combustible  bodies  in  alcohol  and  other 
fluids  have  been  used.  Among  these,  camphene  may  be  men- 
tioned. They  have,  however,  now  been  generally  supplanted  by 
wie  different  petroleum  derivatives. 

*$8.  Illumination  by  Flame   from   Solids. — The   first   attempt 

°f  man  to  utilize  combustion  for  artificial  light  was  doubtless  the 

t°i"eh,  made  either  of  wood  naturally  rich  in  resin  and  similar 

Compounds  of  hydrogen  and  carbon,  or  reeds  aud  rushes  dipped 

ltl  melted  tallow.    Even  now,  savage  people  resort  to  this  method 

°f   obtaining  artificial  light. 

-From  the  rush  light  to  the  candle,  the  step  was  natural,  and 
though  there  are  many  flames  far  more  brilliant  than  that  from 
*"Wax  candle,  no  one  is  so  well  adapted  to  the  illumination  of 
tae  human  countenance.     Therefore,  it  still   holds  its  own  at 
wvtertainment8  in  the  houses  of  the  wealthy,  ladies  of  fashion 
W^U  knowing  that  under  its  light  they  appear  to  the  best  ad- 
vantage. 


896  optics. 

Tn  recent  times  various  Bolid  fats,  resulting  from  the 
tion  and  refining  of  crude  petroleum,  have  been  subatit 
tallow  and  wax  in  making  candles. 

The  manufacture  of  a  perfect  candle  requires  especit 
tion,  as  regards  the  manner  in  which  the  wick  is  woven 
it  may  burn  to  the  best  advantage,  the  tip  of  the  wi< 
be  consumed  at  the  proper  rate,  otherwise  a  smoky 
produced.  In  the  days  of  our  forefathers,  a  pair  of 
for  removal  of  the  charred  tips  were  provided,  but  ca 
modern  times  snuff  themselves.  This  result  is  attaine 
ingenious  device' of  weaving  t 
in  such  a  manner  that,  as  th< 
burns,  it  tarns  to  one  side  and  t 
consumed  on  the  margin  of  th 
where  the  heat  is  very  intense  i 
ply  of  air  copious. 

The  philosophy  of  combusti 
candle  is  the  same  as  in  a  lam 
first  action  of  the  flame  is  to 
portion  of  the  solid  fat  or  wax.  j 
ture  lamp  is  thus  formed,  from  t 
reservoir  of  which  the  wick,  by : 
larity,  raises  the  melted  oil. 

As  in  the  lamp,  oil  is  conver 

gaseous  matter  before  it  is  bu 

is  it  in  the  candle.     Of  this  ■ 

satisfy   ourselves   by  taking  a 

moderate  diameter,  B,  and,  he 

inclined.  Fig.    188,    place    one 

the  interior  of  a  candle  flame  i 

has   been   previously   warmed, 

ward  current  of  gaseous  matter  1 

the  interior,  which  can  be  lighted  as  it  escapee  from  tl 

extremity.     The  cause  of  luminosity  is  the  incandea 

solid  carbon  at  an  exceedingly  high  temperature. 

469.  Constitution  of  Flames. — If  we  lower  a  sheet  o 
copper  wire  gauze  into  the  flume  of  an  alcohol  Ian: 
stopped  by  the  gauze,  and  we  can  look  vertically  down 
section.  Under  these  condition!)  it  appears  to  be  ring- 
interior  being  dark.  There  are  no  signs  whatever  of 
therein.  Since  the  same  result  is  obtained  on  the  exai 
of  all  ordinary  flames,  we  conclude  that  they  are  hoi 
that  combustion  is  confined  to  the  exterior.  In  this  facl 
an  explanation  of  the  greater  brilliancy  when  flames  ar 
to  assume  the  form  of  thin  sheets  as  in  different  kini 
jets,  and  in  hollow  burners  of  Carcel  and  similar  lamp? 
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£sot  only  are  flames  hollow,  but  their  interior  is  positively 

oold,  compared  with  the  temperature  we  should  expect  to  find 

therein.     For  illustration   of  this,  take  a  porcelain  cup  two 

or  three  inches  in  diameter,  and  fill  with  water  nearly  to  the 

brim.     On  the  surface  pour  a  layer  of  ether  a  sixteenth  of  an 

inch  thick.    Setting  fire  to  the  ether  a  copious  blaze  is  produced. 

Xf  a  piece  of  phosphorus  is  placed  in  a  spoon  and  ignited,  it 

burns  fiercely  in  the  air,  but  the  moment  it  is  immersed  in  the 

interior  of  the  flame,  not  only  does  combustion  cease,  but  the 

phosphorus  does  not  volatilize  with  any  freedom,  thus  verifying 

the  statement,  that  a  flame  is  hollow,  and  its  interior  cool. 

An  exception  to  this  condition  is  found  in  oxyhydrogen  flames, 
in  which  the  gases  are  mingled  before  ignition,  combustion 
taking  place  through  and  through.  Such  flames  are,  so  to 
apeak,  solid,  and  therefore  we  understand  why  they  possess 
such  intense  heat,  and  can  produce  the  highly  luminous  effect 
wit nessed  when  caused  to  impinge  upon  zirconia,  and  similar 

ides. 

Xn  the  Bude  light,  formed  by  saturating  ordinary  illuminating 
with  volatile  hydrocarbons,  and  burning  the  product  in  a 
te  of  mixture  with  oxygen,  an  exceedingly  brilliant  light  is 
pr<.><iuced.  The  cause  of  the  intensity  is  evidently  the  high 
temperature  reached  by  making  the  flame  burn  through  and 
through,  and  confining  it  to  the  smallest  possible  limits. 

460.  Light  and  Life. — In  closing  this  Chapter  on  the  sources 
ot*    light,  we  direct  attention  to  the  intimate  relations  between 
Hg^ht  and  life.    It  is  to  the  sun's  rays  that  plants  are  indebted 
for  the  energy  by  which  they  are  enabled  to  decompose  water 
And  carbonic  acid,  and  build  tissues  therefrom.     It  is  true,  as 
I    Btated  in    an   article  on  "  Evolution  of  Structure  in   Seed- 
lings," published  in  the  "  American  Journal  of  Science  and 
Arts,"  for  November,  1872,  that  plants  can  evolve   all  their 
structures  in  the  dark.     Yet  in  this  act  they  depend  entirely 
upon  nutriment  stored  in  the  seed.     No   substantial   gain   in 
solid  matter  is  made  in  any  flowering  plant  until  light  falls  upon 
its  leaves  and  carbonic  acid  is  decomposed.     Plants  being  the 
source  from  which  animals  ultimately  derive  their  sustenance, 
we   may  truly  say  that  all  life  upon  our  globe  results  from 
energy  given  forth  by  the  sun  in  the  form  of  light  and  warmth. 
Independently  of  the  question  of  nutrition,  light  appears  to 
exert  a  notable  influence  upon  the  life  of  young  growing  crea- 
tures, and  eveu  of  adult*.     Evidence  of  this  is  found  "in  the 
puny  forms  and  blanched  appearance  of  children  living  in  dark, 
unwholesome   places,  compared   with   those   where    light   has 
free  access.      This  fact   was   taken  advantage  of  a  few  years 
*F»  by  a  society  in  France,  which  collected  miserable  waifs  born 


of  scrofulous  and  syphilitic  parents,  and  feeding  them  upon 
milk,  kept  them  in  the  sunshine  all  day  at  the  sea-coast  Under 
this  treatment,  most  of  these  infants  developed  into  healthy, 
hardy  youngsters,  and  the  results  were  attributed  by  those  in 
charge  as  much  to  free  exposure  to  light  as  any  other  cause. 

Reversing  the  relations,  we  discover  (448)  that  many  crea- 
tures possess  the  power  of  emitting  light.  The  significance  of 
this  production  of  light  by  nervous  or  vital  action  can  hardly  be  over- 
estimated. It  proves  to  us  hou-  intonate  the  eormectiau  are  between 
all  forms  of  energy,  not  excepting  life  itself.  Ho  strongly  has  this 
been  impressed  upon  many  minds,  that  there  are  those  who 
think  that  life  after  all  is  only  a  specific  form  of  energy,  and 
that  the  "  vital  spark  "  is  a  literal  as  well  as  metaphoric  expres- 
sion of  the  facta  of  the  case. 

The  recognition  of  the  relation  between  light  and  life  receives 
innumerable  illustrations  in  the  world  of  literature.  In  dealing 
with  the  question  of  condition  and  place  of  abode  of  the  spirit 
after  death,  an  ancient  writer  asks,  "  Whither  goeth  the  flame 
when  it  is  puffed  out?" 
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CHAPTER    XVIII 

TRANSMISSION,  ABSORPTION,  AND  INTENSITY  OF 

Transparent  and  absorbent  media — Propagation  of  light  in  homogeneous  medium 
— Ray.  pencil,  and  beam — .Shadow  and  penumbra— Image*  from  small 
openings— Velocity  of  light— (juali lien  of  light — Laws  of  mtenaiUc*  of  light 
—Photometer*  —  The  caudle  and  other  light  units  —  Relative  intensive* 
different  louree*  of  light. 


461.  Transparent  and  Absorbent  Media. — The  term  DiaoKwn 
understood  to  include  space  as  well  as  gaseous,  fluid,  and  solid 
bodies.  Through  the  most  perfect  vacuum  that  can  be  formed, 
light  passes  as  freely  as  through  air,  or  any  colorless  gas;  the 
mere  fact  that  it  allows  the  passage  of  luminous  vibrations  causes 
it  to  be  regarded  as  a  medium. 

In  their  relations  to  light,  media  are  classified  into  transparent, 
translucent,  and  opaque.  Iransparent  media  are  those  which 
not  only  permit  the  passage  of  luminous  rays,  but  also  allow  the 
outline  and  color  of  objects  to  be  clearly  seen  through  them. 
In  this  group,  air,  colorless  gases,  water,   humors  of  the   ey< 
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glass,  rock-crystal,  and  many  other  bodies  are  included.  They 
are  sometimes  called  diaphanous.  Translucent  bodies  allow  the 
passage  of  light,  but  do  not  permit  definition  of  outline  when  at 
a  short  distance  therefrom.  Examples  of  this  form  are  found  in 
glass  ground  on  both  sides,  porcelain,  oiled  paper,  etc.  Thev 
are  called  opalescent  Opaque  bodies  are  those  which  cut  off  ail 
passage  of  light,  as  wood  and  metals.  By  such  substances  it  is 
said  to  be  absorbed.  It  does  not,  however,  disappear,  but  is 
converted  into  another  form  of  energy,  as,  for  example,  heat. 

Transparency   and   opacity  are,  at  the  best,  relative  terras. 

Even  the  purest  air  reduces  the  brilliancy  of  the  light  which 

traverses  it.     Dense  metals,  as  gold  and  silver,  may  be  obtained 

in  layers  thin  enough  to  be  transparent,  as  in  the  process  for  the 

deposition  of  silver  on  glass  in  making  silver  mirrors. 

.Regarding  the  absorbent  action  of  air  on  the  light  traversing 
it9  Bouguer  gives  the  following  results  according  as  the  angle  of 
elevation  of  the  sun  varies.     10,000  is  supposed  to  represent  the 
intensity  of  light,  if  the  air  was  absolutely  transparent : 


Sun's  altitude. 

Intensity. 

Sun's  altitude. 

Intensity. 

0° 

6 

20° 
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1° 

7 

25° 

6136 

2° 

192 

30° 
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3° 
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40° 

7237 

4° 
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7624 

6° 

1201 

70° 

8016 

10° 

3149 

90° 

8123 

16° 

4585 

li 


lie  table  is  of  value  as  showing  the  great  difference  in  the 
fc  transmitted  during  summer  and  winter,  according  as  the 
8,a  **    varies  in  altitude. 


I.  Propagation  of  Light  in  Homogeneous  Medium. — A  homo- 
_    **^ous  medium  is  understood  to  be  one  which  has  the  same 
JlJ^^iaiical  composition,  and  the  same  density  in  all  its  parts. 
--   **  »*ough  such,  if  it  be  transparent,  light  is  propagated  in  straight 

Of  this,  in  the  case  of  air,  we  may  obtain  proof  by  inter- 


^^^Ing  any  opaque  object  between  the  luminous  source  and  the 
^y^>  when  the  light  is  at  once  obscured.     Another  and  better 

^***onstration  is  to  place  in  line  a  series  of  screens,  each  having 
*  ^*nall  opening  in  the  centre.  While  in  a  straight  line,  light 
l^^Isible  to  the  eye,  but  if  one  be  moved  ever  so  slightly  out 
°*    position,  it  is  at  once  obscured. 

<<Vs  sound  and  heat  radiate  from  their  sources,  so  light  passes 

??*^»  or  is  propagated  in  radiant  lines  from  a  luminous  point, 

*-**^refore,  these  forms  of  energy  are   by   some  denominated 

***iiant  energy. 
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463.  Ray,  Pencil,  and  Beam  Defined. — A  la  mi  nous  ray  is 
direction  along  which  light  is  propagated.     In  its  true  ma 
matical  sense  it  has  neither  breadth  nor  thickness.     It  is 
trajectory  merely. 

.4  pencil  of  light  is  considered  by  many  to  be  a  portion  of 
rays  issuing  from  a  luminous  point;  in  this  form  a  penci 
light  is  composed  of  divergent  rays.  Others,  on  the  contn 
call  any  path  of  light  haviug  a  measurable  section,  a  pen 
accordiug  to  this  view,  it  may  be  made  up  of  either  para! 
divergent,  or  convergent  rays. 

By  a  beam  of  light,  a  pencil  of  considerable  dimensions  is  ii 
cated :  it  may  be  parallel,  divergent,  or  convergent 

484.  Shadow  and  Penumbra. — Wheu  an  opaque  screen  is  in 
vened  between  the  ear  and  a  source  of  sound,  there  is  but  sli 
diminution  in  intensity ;  whereas,  in  the  case  of  a  lumin 
point,  the  light  is  completely  cut  otf,  and  a  sharp  shadow  ] 
duced.  The  cause  of  this  phenomenon  is  the  exceeding:  sh 
ness  of  light  waves  compared  with  the  sound  waves.  The  lat 
by  virtue  of  their  length,  are  able  to  double  around  a  cor: 
whereas  the  former  pass  in  straight  lines. 

In  the  discussion  of  the  formation  of  shadows,  two  conditi 
are  to  be  considered :  1st.  Where  light  is  emitted  from  a  j* 
2d.    Where  it  is  given  off  by  a  body  of  greater  or  less  dimensions. 

Fio.  189. 
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In  Hig.  181*,  5>  represents  a  luminous  point,  and  M  an  opi 
body  placed  in  the  divergent  cone  of  rays  from  the  point  S. 
outline  of  the  shadow  cast  under  these  circumstances  upon 
screen  P  will  be  sharply  defined,  as  <ho\vn  by  the  lines  dr 
from  the  luminous  point  to  the  screen:  it  is  called  an  timbre 

In  Fur.  1W  the  source  of  light  is  a  sphere  represented  at  S 
the  opaque  body  is  at  M  X.  tender  these  conditions,  the  sha 
differs  from  the  preceding  in  that  it  is  not  separated  by  a  sha 
defined  limit  from  the  illuminated  part  of  the  screen, 
between  the  two  there  is  a  dusky  ring.  To  this  lighter  r 
like  shadow,  the  name  of  /v-*»/w^ni  is  given.     The  cause  o! 

f»roduction  is   seen,  if  wo  draw   lines  from  the   limits  of 
uminous  sphere,  past  the  opaque  sphere,  to  the  screen  P, 
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190.  We  find  that  the  strong  shadow  which  would  be  cast  by 
the  pencil  of  light  from  S,  has  to  contend  with  that  which  fells 
upon  the  screen  from  the  pencil  issuing  from  L ;  the  shadow  is, 
therefore,  diminished  in  intensity  at  the  margin,  and  the  penum- 
bra formed. 

For  sake  of  simplicity,  we  hare  in  the  discussion  of  shadows, 
conceived  that  the  rays  of  light  pursue  an  absolutely  straight 


line  past  the  opaque  body.  In  actual  fact,  this  is  not  so,  they 
do  undergo  a  slight  deviation  from  the  straight  line.  Of  this, 
we  shall  speak  at  greater  length  in  the  discussion  of  diffraction 
(807). 

485,  Images  from  Small  Openings, — If  one  side  of  a  thin  box 
is  removed,  and  a  pinhole  made  in  a  remaining  side,  on  placing 
a  candle  flame  opposite  the  small  aperture,  as  in  Fig.  191,  an 
inverted  image  of  the  flame,  A  B,  will  be  cast  on  the  interior 


\ 


°f  the  side  of  the  box  at  a  b,  opposite  the  aperture.     The  course 
°*  the  rays  and  the  cauBe  of  inversion  are  also  evident. 

Id  the  Bame  manner,  if  a  room  is  made  perfectly  dark,  and 
*  Small  opening  pierced  in  the  shutter,  an  inverted  image  of 
™*  landscape  facing  it  will  be  cast  upon  the  side  of  the  room 
°PPosite  the  aperture. 

« iB  not  necessary  that  this  should  be  circular,  a  triangular 
opening,  or  any  other  shape,  will  produce  the  result  equally 
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well,  providing  it  is  small  enough.  Distance  lends  to  the  en- 
chantment, for  the  further  away  the  object  the  more  clearly  or 
sharply  is  it  defined.  Of  this,  as  well  as  the  failure  of  the  &hape 
of  the  opening  to  affect  the  image,  we  have  an  example  in  the 
circular  presentations  of  the  sun  produced  wherever  its  light 
has  passed  through  irregular  openings  between  the  slats  of » 
shutter  and  fallen  upon  the  opposite  wall.  If  the  wall  receive* 
the  beam  at  any  other  angle  than  90°,  the  form  of  the  image  is 
more  or  less  elliptical.  This  can  readily  be  corrected,  by  receiv- 
ing it  upon  a  book  or  screen  held  vertically  to  its  track. 

466.  Velocity  of  Light. — The  first  determination  of  the  velocity 
of  light  was  made  by  Roemer,  a  Danish  astronomer,  in  167^ 
The  method  employed   was   bv  the  observation   of  Jupiter'* 
satellites.     The  first  satellite,  £,  is  occulted  or  passes  behi**4 
the   planet  J  at   equal  periods  of  about  forty-two  and  a  h^* 

Fio.  192. 
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bours.  When  the  earth  passes  from  a  to  6,  on  the  side  o 
its  orbit  nearest  to  Jupiter,  there  is  but  little  difference  in  i 
distance  from  dav  to  daw  and,  therefore,  but  little  variation 
between  two  occultations.  When,  on  the  contrary,  the  earth  in 
its  revolution  around  the  sun  passes  from  T  to  T'  on  the  opposite 
side  oi  its  orbit,  it  is  found  tbat  there  has  been  a  total  retarda- 
tion of  the  actual  from  the  calculated  time  of  occulation  of  about 
sixteen  ami  a  half  minutes.  This  represents  the  time  required 
for  the  light  to  pass  from  one  to  the  other  side  of  the  earth's 
orbit.  Taking  the  earth's  distance  from  the  sun  at  95,000,000 
miles.  Koetner  computed  the  velocity  of  light  at  190,000  miles 
per  second.  At  the  modern  estimate  of  91,500,000  miles  for 
the  sun's  distance  from  the  earth,  the  rate  is  185,500  miles  per 
second. 

About  fifty  years  after  Roomer's  determination,  Bradley,  an 
English  astronomer,  calculated  the  velocity  of  light  from  the 
aberration  or  apparent  displacement  of  the  stars.  He  found 
the  rate  to  be  ten  thousand  times  greater  than  that  of  the  earth 
in  its  orbit.     Since  the  latter  is  about  eighteen  and  a  half  miles 
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per  second,  the  velocity  of  light  would  be  185,500  miles  per 
second. 

In  1849,  Fizeau  determined  the  velocity  of  light  by  measuring 
the  time  required  for  its  transit  from  Suresnes  to  Montmartre 
and  back,  a  distance  of  28,334  feet.  The  apparatus  consisted  of 
a  toothed  wheel  capable  of  varied  and  rapid  rotation.  The 
teeth  were  of  the  same  width  as  the  spaces  between  them. 
The  wheel  being  still,  a  beam  of  light  was  sent  from  one  station 
to  the  other,  and  reflected  therefrom  by  a  mirror  back  to  the 
first  position.  The  wheel  then  being  thrown  into  revolution, 
when  its  rate  was  sufficiently  rapid,  the  light  which  passed 
through  an  interval  between  two  teeth  did  not  return  soon 
enough  to  pass  through  the  same  interval,  but  was  obstructed 
by  falling  upon  the  projecting  tooth.  The  rate  of  revolution 
then  being  doubled,  the  light  again  became  visible  by  passing 
through  the  next  interval  beyond  the  tooth.  The  velocity  of  the 
wheel,  the  number  of  teeth,  and  the  distance  between  the  stations 
being  known,  the  rate  was  computed  at  196,000  miles  per  second. 
Becent  experiments  by  Cornu,  made  by  Fizeau's  method  and 
with  more  perfect  instrumental  means,  gave  a  velocity  of  185,420 
miles  per  second.  This  agrees  closely  with  the  figures  obtained 
from  the  transit  of  Venus  in  1874. 

In  1850,  Foucault  applied  Wheatstone's  method  by  a  revolving 
mirror  to  the  determination  of  the  velocity  of  light,  and  obtained 
the  rate  of  185,157  miles  per  second,  which  is  less  than  that 
ordinarily  assumed,  but  agrees  closely  with  the  recent  determi- 
nations of  the  solar  parallax.  In  these  experiments  the  whole 
apparatus  was  contained  in  a  small  room,  and  the  light  traversed 
*  distance  of  about  fourteen  feet  twice.  In  one  series  of 
{rials  a  tube  ten  feet  in  length,  filled  with  pure  water,  was 
intervened  in  the  track  of  the  ray,  when  the  velocity  was  found 
to  be  less  than  in  air.  This  is  a  most  important  result  of  Fou- 
canlt'a  experiments,  since  it  is  regarded  as  a  crucial  test  of  the 
QQdulatorv  theory  that  the  velocity  of  light  should  be  less  in  a 
more  highly  refracting  medium.  The  details  of  Foucault's 
Method  may  be  found  in  the  works  of  Deschanel  and  Ganot. 
%cent  determinations  by  Mr.  A.  A.  Michelson,  U.  S.  Navy, 
give  186,360  miles  per  second. 

#At  the  rate  of  185,500  miles  per  second,  it  requires  about 
^ht  minutes  for  light  to  pass  from  the  sun  to  the  earth, 
*bout  four  hours  from  Neptune,  and  ten  years  from  one  of  the 
n«arest  fixed  stars,  61  Cygni.  Stars  only  visible  through  the  tele- 
**>pe  may  be  so  distant  as  to  require  thousauds  of  years  for  their 
%bt  to  pass  to  our  globe.  It  is  possible  that  in  some  cases  they 
&»aj  have  become  extinct  before  it  has  reached  it. 

467.   Qualities  of  Light. — Luminous  sensations  present  two 
characteristics  which  are  generally  referred  to  the  rays  them- 
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selves.  They  are  coloration  and  intensity.  The  rays  do  not 
possess  these  properties,  but  have  characters  which  in  th^ir 
action  upon  the  eye  give  the  appearances  in  question.  T7ii© 
subject  of  coloration  will  be  dealt  with  after  we  have  studied 
the  spectrum. 

By  the  intensity  of  a  light  we  mean  its  strength  or  weakness* 
either  on  directly  viewing  it  with  the  eye  or  in  relation  *o 
its  power  to  illuminate  objects  upon  which  it  falls.  Vario*** 
methods  have  been  devised  for  determining  the  relative  and  »t>" 
solute  intensity  of  differeut  sources  of  light;  their  examination 
constitutes  the  art  of  photometry. 

468.  Laws  of  Intensity  of  Light. — The  greater  the  distan*^ 
between  a  light  and  a  surface,  the  less  the  intensity  of  illumin^^" 
tion.  This  is  a  well-known  fact  within  the  observation  of  al  *; 
and  the  law  of  diminution  of  intensity  may  be  readily  dedu< 
from  consideration  of  Fig.  193.     Let  12  3  represent  three  sui 

Fig.  19;{. 
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faces  placed  at  the  relative  distances,  1,  2,  3,  from  a  candle  flame 
L,  or  other  source  of  illumination.  The  dotted  lines  represent 
the  course  of  the  radiant  lines  from  a  luminous  point  in  the 
flame,  and  the  relative  sizes  of  the  surfaces.  The  actual  amount 
of  light  cast  upon  the  three  is  evidently  the  same,  but  in  the 
case  of  2  it  is  spread  over  a  space  four  times  as  great  as  in  1. 
Its  intensity,  therefore,  in  any  part  must  be  one-fourth  of  that  ou 
any  part  of  1.  In  3  it  is  diffused  over  a  surface  nine  times  as 
great  as  in  1,  therefore,  its  intensity  must  be  one-ninth.  From 
this  we  find  that  the  intensity  of  light  is  inversely  proportional  fa 
the  square  of  the  distance  from  the  laminoiis  point. 

Two  luminous  bodies  at  different  distances  from  a  surface 
cannot  illuminate  the  latter  with  equal  intensity  unless  the 
further  gives  out  more  light,  or  has  greater  illuminating  power. 
The  intensity  of  a  light  at  twice  the  distance  being  one-fourth, 
and  at  thrice  one-ninth,  it  follows  that  if  two  flames  produce 
equal  illumination  of  a  surface  when  one  is  twice  as  far  off  a* 
the  other,  the  further  must  have  four  times  the  illuminating 
power  of  the  nearer:  or,  if  the  illumination  is  equal  when  the 


TRANSMISSION,  ABSORPTION,  INTENSITY  OF  LIGHT.      405 

distances  are  as  one  to  three,  then  their  illuminating  power 
moat  be  as  nine  to  one.  Therefore,  when  two  sources  of  light  produce 
equal  illumination  of  two  surfaces  at  different  distances  therefrom,  tlte. 
illumination  powers  of  the  sources  of  light  are  in  the  ratio  of  the  square 
of  tkeir  distances  from  the  illuminated  surfaces.  The  application  of 
this  law  will  be  seen  in  photometry. 

We  hare  thus  far  examined  only  cases  in  which  light  falls 
perpendicularly.  When  it  falls  at  an  angle,  experiment  has 
shown  that  the  law  is  as  follows :  The  intensity  of  illumination 
when  light  falls  obliquely  upon  a  surface  is  proportional  to  the  cosine  of 
the  angle  which  the  luminous  rays  make  with  the  normal,  or  perpen- 
dicular to  the  illuminated  surface. 

489.  Photometeri. — Of  these  there  are  a  number:  1st.  Those 
acting  on  the  principle  of  comparing  illumination  ;  2d.  Those  by 
comparing  the  intensity  of  shadows;  and  3d.  Those  by  the 
relative  chemical  effects  of  the  flames  or  sources  of  light  under 
examination. 

Houguer's  photometer  is  based  upon  the  first  principle.  It  con- 
sists of  an   opalescent  or  translucent   screen  of  white  paper, 
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ground  glass,  or  thin  porcelain,  A,  divided  into  two  partB  by  a 
Partition,  Fig.  194.  The  two  sources  of  light  are  placed  on  oppo- 
se sides  of  the  partition  B,  and  their  distances  adjusted  until 
we  two  sides  of  the  screen  are  equally  illuminated".  The  diB- 
JfOceB  are  then  measured,  when  the  illuminating  power  of  the 
"guts  is  as  their  squares. 

A  modification  of  this  method  is  represented  in  Fig.  195. 
*-  A'  is  a  rectangular  box  about  a  foot  long,  one  or  two  inches 
*Vttre  in  section,  and  open  at  both  ends.  At  T,  u  tube  opens 
into  it  The  interior  of  box  and  tube  are  blackened.  At  the 
position  W,  a  wedge  is  placed,  the  section  of  which  is  equi- 
"*«i»l;  it  is  covered  with  white  paper.  The  flames  to  he  ex- 
amined are  then  placed  opposite  the  opening?  L  and  F,  and  their 
distances  therefrom  adjusted  until  the  eye  applied  at  the  upper 
opening  of  the  tube  T,  sees  the  two  sides  of  the  wedge  equally 


illuminated.  The  distances  of  the  lights  from  the  upper  t 
are  then  measured,  when  the  illuminating  power  is  as  the  sqi 
of  their  distances  therefrom. 
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Id  Bouguer's  instrument  the  partition  casts  a  strong  shi 
between  the  illuminated  portions  of  the  screen.  In  a  modi 
tion  made  by  Foucault,  the  partition  is  movable,  and  by  v 
drawing  it  to  a  greater  or  lees  distance,  the  dark  strip  ma 
made  to  vanish,  when  the  bright  portions  being  exactly 
tiguous  are  compared  with  greater  precision. 

Runiford's  photometer  depends  upon  the  second  method  ft 
principle  of  action.     An  opaque  rod  is  placed  at  a  short  dist 


trom  a  screen,  the  two  sources  of  light  are  then  arranged. 
Fit-  1W.  so  that  each  forms  a  shadow  of  the  rod  upon  it. 
lights  urc  then  moved  until  the  shadows  are  of  equal  inter 
Since  that  from  the  lamp  is  illuminated  hy  the  candle,  and 
from  the  candle  by  the  lamp,  the  illumination  of  the  screei 
the  two  sourves  iA'  light  is  equal.  The  intensities  of  the  lr 
are,  therefore,  as  the  squares  of  their  distances  from  the  aei 
Btmtm's  phi-tomrtT  acts  hy  the  illumination  of  a  spot  of  ei 
upon  a  piece  of  bibulous  paper.     It  is  made  with  a  solutx 
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spermaceti  in  naphtha.  If  a  piece  of  paper,  A,  Fig.  197,  with 
*  grease  spot  upon  it  is  illuminated  by  the  candle  B,  placed  in 
front,  it  appears  dark  upon  a  light  ground.  If  by  another 
lifht,  C,  from  behind,  it  appears  light  upon  a  dark  ground. 
When  the  flames  are  adjusted  to  illuminate  it  equally,  the  spot 
and  the  rest  of  the  surface  show  no  difference  in  appearance. 
This  result  having  been  attained,  the  intensities  of  the  two  lights 


Bunsen's  photometer 

as  the  squares  of  their  distances  from  the  paper.  In  a  recent 
1  improvement  the  thickness  of  the  paper  is  reduced  and  the 
effect  of  the  spot  better  obtained. 

In  another  photometer  devised  by  Wheatstone,  a  bead  which 
executes  a  double  system  of  revolutions  is  used,  a  rose-like  re- 
flection of  the  lights  compared  is  thus  produced.  The  details 
°f  this  are  given  in  Ganot. 

Various  chemical  methods  for  the  measurement  of  light  have 
wen  suggested.  Among  these  is  the  Mor-hydrogen  photometer, 
fit*st  described  by  Prof.  J.  W.  Draper,  in  the  "Philosophical 
Magazine,"  and  afterwards  claimed  by  Bunsen  and  Roscoe. 
Another  form,  in  which  intensity  of  light  was  determined  by 
*ts  power  to  precipitate  gold,  is  described  by  me  in  the  "  London 
£n  Philosophical  Magazine  "  for  August,  1859.  It  is  adapted 
*°r  comparison  of  sunlight  from  day  to  day.  In  chemical  pho- 
tometers results  differ  with  the  reagents  employed,  according 
*•  they  are  more  sensitive  to  rays  of  different  refrangibility. 

In  the  case  of  colored  lights,  Professor  Rood  has  proved,  by 
e*periment,  the  correctness  of  Grassmann's  assumption,  "that 
the  total  intensity  of  the  mixture  of  masses  of  differently  colored 
"ghts  is  equal  to  the  sum  of  the  intensities  of  the  separate  com- 
ponents."   "  Am.  Journal  of  Sciences  and  Arts,  vol.  xv.  page  81. 

470.  The  Candle  and  other  Light  Units. — Since  a  photometer 

?*fc8  not  measure  the  quantity  of  light,  but  only  the  relative 

^tensities  of  two  lights   under   examination,   the   attempt   is 

toade  to  obtain  what  may  be  called  quantitative  results,  by  using 

*  standard  light  for  one  of  the  flames  under  comparison.     For 

°fdinary  purposes  a  standard  candle  is  employed.     "It  is  a  sperm 

*°*dU  of  six  to  the  pound,  and  burning  120  grains  per  hour" 

When  a  gas  flame  is  tested  against  such  a   standard,  the 
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form  or  character  of  the  burner,  the  pressure,  temperature,  fitni 
volume  of  gas  consumed  in  a  given  time  must  all  be  determined- 
The  value  of  the  gas  or  other  light  is  then  given  in  term»  of 
candlelight.  If,  as  is  the  case  with  an  ordinary  gas  flame,  }t 
has  an  iutensity  sixteen  times  that  of  a  single  standard  candlo*,  it 
is  called  a  sixteen  candle  light.  In  like  manner,  electric  lig^to** 
are  estimated  at  hundreds  or  thousands  of  candle  power. 

For   measurement  of  lights  of  feeble  intensity,  a  unit, 
tained  by  heating  a  platinum  wire  of  definite  size  in  a  bydrog"^11 
flame  produced  uuaer  uniform  conditions,  was  devised  by 
and  described  in  the  "  Scientific  American,"  Oct.  21,  1871. 

471.  Relative  Intensities  of  Different  Sources  of  Light — T* 
electric  light  from  50  large  Bunsen  cells,  is  one-fourth  as  stro 
as  suulight.  Sunlight  is  about  equal  to  the  light  of  5500  cand 
at  a  distance  of  one  foot.  It  is  600,000  times  as  strong  as  mo 
light,  and  16,000,000,000  the  strength  of  that  from  «  Centau 
the  third  in  brilliancy  of  all  the  stars. 


CHAPTER    XIX. 

REFLECTION   AND  MIRRORS. 

Law  of  reflection  from  polished  surfaces — Reflection  from  unpolished  sui 

Intensity  of  reflected  light — Mirrors  and  process  for  silvering  them — Images 
from  plane  mirrors — Virtual  and  real  images — Multiple  images  from  plane 
mirrors—- Deviation  by  rotation  of  mirror — Applications  of  plane  mirrors — 
Spherical  concave  mirrors — Principal  and  conjugate  foci — Real  and  virtual 
foci — Spherical  convex  mirrors — Formation  of  images  by  spherical  mirrors 
— Spherical  aberration  and  caustics — Parabolic  mirrors — Cylindrical  mirrors, 
anamorphosis — Application  of  curved  mirrors. 

472.  Law  of  Reflection  from  Polished  Surfaces. — If  in  the  course 
of  a  ray  of  light  through  a  given  medium,  a  second  is  inter- 
vened, certain  new  phenomena  arise.  If  the  second  is  a  trans- 
parent, or  a  translucent  body,  a  portion  of  the  light  passes  into, 
or  traverses  it,  but  in  all  cases  a  greater  or  less  portion,  after 
changing  its  direction,  continues  its  course  iu  the  nrst  medium. 
To  this  result  the  name  of  reflection  is  given. 

Reflection  presents  itself  under  various  aspects,  according  as 
the  surface  producing  it  is  more  or  less  perfectly  polished.  We 
shall  examine  the  two  extreme  conditions  of  perfect  polish  and 
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exceeding  irregularity.     Between  these  limits  all  degrees  are 
included. 

In  the  ease  of  a  perfectly  burnished  regular  or  specular  sur- 
face, the  laws  for  reflection  of  light  are  the  same  as  for  reflec- 
tion of  motion,  viz. : 

lit.    The  reflected    ray  A  B   U  bl    the  Fm.  198. 

ptarie  determined  by  the  incident  ray  C  B, 
and  a  normal  or  perpendicular  Pi  drawn 
to  the  reflecting  surface  M  M'  at  the  point 
of  incidence. 

2d.   The  angle  r  made  by  the  reflected 

rat/  with  the  normal  [angle  of  rejio-timi) 

-  ,■,■"■■■■'    ,'"    llf   ant/If    i    v'liirh    the  innibiil 

'ikes  with  the  same  normal  (angle  of 

incidence).  nrnmni 

These  laws   may   be  easily   demon- 
strated by  directing  a  horizontal  beam  from  a  projection  lantern 
npon  a  polished  surface,  producing  conditions  as  in  Fig.  198. 

In  reflection  from  regular  or  specular  surfaces,  the  object  seen 
is  not  the  surface,  but  an  image  of  the  body  which  is  the  primary 
or  secondary  source  of  the  light.  When,  for  example,  a  pencil 
of  sunlight  fails  on  a  mirror  in  a  dark  room,  the  more  perfectly 
tlit-  light  is  reflected  the  less  visible  is  the  mirror.  A  perfectly 
polished  surface,  if  it  could  be  made,  would  be  invisible. 

473.  Reflection  from  Unpolished  Surfaces. — When  a  beam  of 
light  falls  upon  an  unpolished  surface,  its  rays  are  reflected  in 
all  directions.  It  is  diffused  or  scattered.  It  was  formerly  said 
to  be  irregularly  reflected,  but  this  is  not  the  case;  it  obeys  the 
laws  of  reflection,  but  since  the  surface  is  composed  of  project- 
ing particles  which  receive  incident  rays  at  all  angles,  when 
refloated  they  pass  off  in  every  direction  and  the  body  becomes 
a  secondary  source  of  luminosity. 

'<■  is  by  scattered  or  diffused  light  that  we  are  enabled  to  see 
and  cletermine  the  position  of  bodies.  When  sunlight  falls  on 
a  mi  x-ror,  the  eye  perceives  not  its  image,  but  that  of  the  sun. 
"lour,  or  any  powder,  be  dusted  on  the  reflecting  surface, 
minr  i  ag  ita  polish,  or  power  of  regular  reflection,  as  the  image 
°'ir>e  sun  diminishes  in  intensity  that  of  the  mirror  becomes 
bette  r  marked.  By  diffusion  of  sunlight  by  the  air,  places  which 
do  »oi  receive  direct  light  arc  brightened.  In  this  manner,  in 
the  t»j,per  strata  of  air  before  sunrise,  and  after  sunset,  the 
phenomenon  of  twilight  is  produced. 

4.1*.  Intensity  of  Reflected  Light. — The  power  of  reflection  of 
&  gvttface  and  consequent  intensity  of  reflected  light  varies: 
-jgt,  with  the  brilliancy  of  the  original  source  of  light;  2d,  with 
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the  perfection  of  polish :  3d,  with  the  angle  formed  by  the 
incident  rsyj  4th,  with  the  nature  of  the  substance — silver,  for 
example,  reflects  more  light  than  other  metals;  5th,  the  nature 
of  the  medium  travelled  by  the  ray  before  and  after  reflection — 
polished  glass,  for  example,  when  immersed  in  water  has  its  re- 
flecting power  seriously  impaired. 

475.  Mirrors  and  Process  for  Silvering  Them. — Mirrors  are  de- 
fined as  bodies  with  polished  surfaces  which  reflect  objects  pre- 
sented to  them.  The  place  at  which  the  body  appears  to  be 
Bituated  is  called  its  image.  According  to  their  shape,  they  are 
called  plane,  concave,  convex,  spherical,  parabolic,  conical,  etc. 

The  mirrors  used  by  the  ancients  were  made  of  speculum 
metal,  an  alloy  of  tin,  copper,  and  other  metals.  Modern  look- 
ing-glasseB  were  introduced  in  the  12th  century.  They  are 
polished  plateB  of  glass,  coated  on  the  hack  with  an  amalgam 
of  tin  and  mercury.  Since  pure  silver  possesses  a  higher 
reflecting  power  than  other  metals,  various  processes  have 
been  contrived  for  depositing  it  on  glass.  The  coating  as 
formed  presents  a  great  advantage  over  the  ordinary  amalgam 
in  that  it  may  he  polished  and  used  as  a  true  specular  surface. 
When  so  burnished  either  wide  may  be  employed. 

The  method  I  have  generally  employed,  and  with  excellent 
results,  is  kuowu  as  the  Rochelle  salt  or  Cimeg's  process. 

476.  Images  from  Plane  Mirrors. — The  effect  of  a  plane  mirror, 
as  is  well  known,  is  to  produce  behind  it  images  which  accu- 
rately represent  in  size  and  form  the  objects  in  front.  This 
result  may  be  explained  according  to  the  laws  of  reflection. 

In   the  figure  a  divergent  pencil  of  light   proceeds   from  a 
luminous  point  at  the  top  of  a  candle  flame  A,  and  is  reflected 
from  the  mirror  at  B.     Afler  reflec- 
Fio.  19ft  tion  the  rays  on  entering  the  eye 

have  the  same  divergence  an  when 
they  impinged  upon  the  mirror,  and 
if  produced  backwards  meet  at  a 
point  C,  which  is  the  position  of  the 
image  of"  the  top  of  the  flame.  In 
like  manner,  every  point  appears  in 
its  proper  position,  and  a  complete 
image  is  observed. 

The  images  produced  by  plane 
mirrors  are  erect  images,  but  they 
are  not  exact  duplicates  of  the  ob- 
jects, since  they  differ  from  them 
exactly  as  the  right  hand  differ* 
from  the  left.  This  may  be  readily  Been,  if  we  examine  the 
reflected  image  of  a  page  of  print  in  a  mirror,  when  it  appears 


REFLECTION    AND    MIRRORS.  411 

hen  viewed  through  the  back  of  the  page,  or  like  the  sur- 
of  the  type  from  which  it  was  printed. 

477.  Virtual  and  Real  Images. — According  as  rays  are  divergent 
convergent  after  reflection,  so  do  the  images  differ.  In  the 
experiment  represented  in  the  preceding  article,  the  rays  after 
leaving  the  reflected  surface,  enter  the  eye  as  a  divergent  pencil; 
if,  however,  they  are  supposed  to  be  projected  through  the  mirror 
tliej  meet  at  a  point.  The  eye  is  then  affected  as  though  the 
raja  proceeded  from  this  point;  and  though  seen,  there  is  no 
real  image  formed.  Rays  do  not  come  from  the  other  side  of 
the  mirror.     These  are  called  virtual  images. 

When,  on  the  contrary,  the  rays  converge  after  reflection,  as 
in  concave  mirrors,  they  do  meet  in  front  of  the  mirror,  on  the 
same  side  as  the  object,  and  when  received  upon  a  screen 
properlv  placed,  a  real  image  is  formed.  These  facts  may  be 
concisely  stated  as  follows  :  Real  images  are  produced  by  the  re- 
~         '  rays  themselves;  virtual  images  by  their  prolongation  backwards. 


478.  Multiple  Images  from  Plane  Mirrors. — While  metallic  or 
»J>«cular  mirrors  give  a  single  image,  ordinary  glass  mirrors  give 
^  aeries,  as  may  be  seen  by  examining  the  reflection  of  a  candle 
flame  in  an  oblique  line  in  a  looking-glass.  Images  of  different 
1ntensities  viewed  under  these  circumstances  result  from  reflec- 
from  the  anterior  and  posterior  surfaces  of  the  glass,  and 
>rn  secondary  reflections  from  one  to  the  other. 
_  If  an  object,  O,  be  placed  between  two  parallel  mirrors,  and 
viewed  as  delineated  in  Fig.  200,  a  great  number  of  images  are 

Pio.  200.  Fio.  201. 
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Parallel  mirrors.  lateral  iim-rslun  of  image . 

Perceived,  of  which  a  few  only  are  shown.     Theoretically  the 

number  should  be  infinite,  but  since  in  practice  a  portion  of  light 

fe  lost  at  each  reflection,  they  become  dimmer  and  dimmer,  and 

finally  disappear.     If  the  surfaces  are  true  and  exactly  parallel, 

they  will  be  arranged  in  a  straight  line,  as  in  the  figure.     But, 


412  optics. 

if  inclined  at  an  angle,  they  appear  to  be  on  the  circumference 
of  a  circle.  Practical  application  of  this  fact  has  been  made  in 
the  parallel  adjustment  of  mirrors.  If  two  plane  reflectors  are 
placed  at  right  angles  to  each  other  as  S  S3,  Fig.  201,  three 
images  of  the  object  are  produced  ;  if  the  angle  be  made  more 
and  more  acute,  the  number  becomes  greater  and  greater,  and 
when  parallel  they  are  theoretically  infinite,  as  stated  above. 
Upon  this  principle  of  multiplication  of  images  the  kaleidoscope 
depends  for  its  action. 


479.  Deviation  by  Rotation  of  Mirror. — In  Fig.  202,  A  B  repre- 
sents the  edge  of  a  plane  mirror  receiving  the  incident  ray  I  C 
perpendicularly.     The  ray  will  then 
Pig.  202.  be  reflected  back  along  the  line  I  C. 

Let  the  mirror  be  turned  or  rotated 
about  an  axis  passing  through  it* 
face  at  the  point  C,  until  its  edge 
assumes  the  position  A'  B',  and 
forms  the  angle  A'  C  A,  with  its 
first  position.  The  reflected  ray  will 
then  pass  off  in  the  lineC  li,  making 
with  the  normal,  C  N,  an  angle, 
N  0  R,  which  is  equal  to  N  C  I,  the 
angle  of  incidence.  The  total  devi:i- 
i;n,.  i  ..r  MMiai  Btaac  tion  uf  the  reflected  ray  is,  therefore, 

doable  the  angle  I  C  N  or  A  C  A', 
through  which  the  mirror  has  been  turned.  The  same  will  be 
found  for  any  other  amount  of  rotation.  It,  therefore,  faUovn 
that:  When  a  plane  mirror  is  rotated  m  the  plane  "f  focirfiMM,  (Ac 
direction  of  the  refueled  ray  is  changed  by  double-  Hie  angle  through 
which  the  mirror  is  turned. 


480.  Applications  of  Plane  Mirrors. 
of  plane  mirrors  are: 


-Among  the  applications 


For  toilet  purposes,  this  has  come  down  from  the  most 
ancient  times.  Two  or  more  mirrors  are  sometimes  u-.il, 
enabling  u  person  to  examine  the  back  and  sides  of  the  head 
and  figure. 

2d,  In  drawing  rooms,  to  increase  the  apparent  size  of  the 
apartment,  and  multiply  the  objects  therein  by  repeated  reflec- 
tions. 

3d.  By  physicians,  in  the  laryngoscope,  for  examination  of  the 
larynx  or  other  cavities  not  easily  reached  by  direct  vision;  and 
by  dentists,  for  examination  of  the  posterior  surface  of  teeth. 
In  the  endoscope  a  plane  mirror  is  applied  to  examination  of  the 
urethral  canal. 
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4th,  In  the  microscope,  to  direct  the  light  along  the  axis  of  the 
instrument. 

5th.  In  the  heUostat,  the  use  of  which  is  to  keep  a  beam  of 
sunlight  permanently  in  a  straight  line;  the  result  is  obtained 
In  driving  a  plane  mirror  by  clockwork,  in  a  manner  to  pro- 
duce the  desired  result.  Among  heliostats,  an  excellent  one  is 
thai  of  Pragmoski.  Such  an  apparatus  is  absolutely  necessary 
for  microscope  photography  by  sunlight. 

ttth.   j}I"iht:'s  Itii't.'fimph  is  an  instrument  for  giving  signals  at 

ereat  distances  by  flashes  of  sunlight  produced   by   a  mirror. 

Tin-   system   consists  in   giving  flashes  to  the   right  and  left. 

"     j  these  an  alphabet  is  made  up,  as  in  the  Morse  telegraphic 

—  yttem  of  dotB  and  dashes.     In  this  way  messages  at  the  rate  of 

c  Twelve  words  per  miuute  have  been  sent  to  a  distance  of  forty 

niles  in  fine  weather. 

7th.  The  measurement  of  small  angles,  as  in  the  deflection  of 

roagnetic  needles,  is  often  made  to  the  best  advantage  by  the  use 

of  a  mirror,  as  represented  in  the  figure.     The  observing  tele- 

~<_-uj.<.-  A  O  is  attached  to  a  scale  s  s,  the  axis  of  the  instrument 
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corresponding  to  zero  of  the  scale.     At  N  8  a  magnet  is  sus- 

S;»ded,  bearing  a  mirror  m  m,  arranged  with  its  plane  perpen- 
i'^iAar  to  the  axis  of  the  magnet  N  S. 

Tlit;  apparatus  is  adjusted  to  have  the  zero  of  the  scale  ap- 
•*ftr  on  the  cross  wires  of  the  telescope.  "When  by  any  cause 
the  magnet  and  its  mirror  are  deflected,  the  image  of  some 
,,rii*r  agate  on  the  scale  appears.  Suppose,  for  example,  the 
jjgore  at  a  represents  the  angle  a  c  Q,  and  it  appears,  then  the 
deflection  of  the  magnetic  needle  is  one-half  of  this  angle, 
.^"nling  to  the  principle  laid  down  in  the  article  on  deviation. 
j,,  the gunhmie'er,  an  instrument  tThployed  for  the  measurement 
,,['  the  angles  of  crystals,  the  principle  of  reflection  is  also  em- 
ployed. 
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8th.  The  sextant  or  quadrant,   invented   by  Newton  and  re- 
invented by  ILidley,  is  another  example  of  the  application  of 
this  method,  together  with  that 
Fio.  204.  of  transparent  or  Be  mi-transpar- 

ent mirrors. 

The  essential  parts  of  the  in- 
strument are  a  plane  glass  mirror 
partially  silvered  and  fixed  to 
the  frame  at  A,  Fig.  204.  This 
not  only  reflects  light  received 
in  the  direction  A  B,  but  also 
enables  the  observer  to  sec  ob- 
jects in  the  line  A  11  through 
the  telescope  T,  which  is  also 
stationary.  A  second  mirror,  B, 
is  mounted  on  the  axis  of  the 
pointer  I,  which  traverses  the 
graduated  arc  Q  P.  When  they 
are  parallel  to  each  other,  the 
index  is  at  P,  the  zero  of  the 
scale,  the  incident  ray  H'  B,  parallel  to  II  A,  will,  when  it  falls 
on  B,  be  reflected  along  the  line  B  A  to  A,  and  thence  along 
A  T  to  the  observer  at  the  telescope,  who  thus  sees  by  two 
reflections,  at  B  and  A,  the  same  objects  at  H  that  he  views 
directly  through  the  partially  silvered  mirror. 

Suppose  it  be  desired  to  determine  the  altitude  of  the  sun 
above  the  horizon.  The  observer  holds  the  sextant  in  such  a 
manner  that  the  rays  of  sunlight  falling  upon  B  are  reflected 
to  A,  and  produce  an  image  in  the  eye  at  T.  He  then 
moves  the  arm  I,  until  this  sun  image  is  made  to  appear  on  the 
horizon,  as  at  H,  through  the  partially  silvered  mirror  A.  The 
number  of  degrees  through  which  the  arm  I  has  been  moved 
over  the  scale  to  cause  the  coincidence  of  the  images  S  and  H 
is  then  read  off.  According  to  the  preceding  section  ou  devia- 
tion by  mirrors,  this  is  double  the  angle  that  S  and  II  actually 
form  with  each  other;  one-half  the  angle  obtained,  therefore, 
represents  the  angular  height  of  the  sun  above  the  horizon. 

In  practice  the  sextant  is  graduated  to  half  degrees,  which  are 
valued  in  the  enumeration  as  whole  degrees.  The  correction 
mentioned  is  thus  avoided,  and  the  true  result  obtained  by  the 
actual  reading.  In  addition  to  this  device  others,  as  dark  glasses 
to  reduce  the  brightness  of  the  sun's  image,  and  a  vender,  and 
reading  microscope,  in  place  of  the  pointer  I,  are  employed. 

9th.  In  the  determination  of  the  altitude  of  a  star,  it  is  often 
difficult  to  fix  the  position  of  the  true  horizon.  This  is  sur- 
mounted by  a  device  known  as  the  artificial  horizon.  A  telescope 
provided  with  cross  lines  is  mounted  on  a  horizontal  axi 
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a  vertical  circle  which  is  carefully  graduated.  The 
instrument  is  turned  to  the  star,  and  the  position  of  the  tele- 
scope read  off  on  the  circle.  A  cup  containing  mercury  is  then 
pl&ced  in  front  of  the  apparatus,  and  the  reflected  image  of  the 
star  viewed  therein,  and  brought  upon  the  cross  lines.  The  new 
position  is  then  read  off,  when  half  the  angle  included  between 
the  two  positions  represents  angle  of  altitude  of  the  star  above 
the  horizon. 

10th.  The  device  of  a  transparent  mirror  is  sometimes  resorted 
to    in  theatrical  representations.     A  large  mirror  of  unsilvered 

frla«8  is  placed  at  a  suitable  angle  upon  the  stage,  which  is  dimly 
i^bted.     Through  this  sheet  of  glass  the  audience  sees  every- 
thing upon  the  stage.     Beneath,  m  such  a  position  that  it  may 
be    reflected  to  the  audience,  is  the  ghost  or  other  object,  bril- 
liantly illuminated.     As  this  moves  about,  it  appears,  from  the 
auditorium,  to  pass  among  the  things  and  actors  upon  the  stage. 
Thus  the  deception  of  the  ghost  in  the  play  of  Hamlet  is  pro- 
duced.    By  other  and  suitable  arrangements,  the  illusions  of 
the  magic  cabinet  and  disembodied  head  are  accomplished. 

Xlth.  The  kaleidoscope  invented  by  Sir  David  Brewster,  and 
po-w  used  in  the  arts  of  design,  is  another  application  of  reflect- 
,r*^af  property  of  mirrors.  It  consists  of  a  tube  in  which  two 
£5*1  a«s  mirrors  are  inclined  at  an  angle  of  sixty  degrees  to  each 
er,  and  extending  along  its  whole  length.  One  end  is  closed, 
oepting  a  small  hole  in  the  centre,  to  which  the  eye  is  applied. 
^c  other  is  provided  with  two  plates  the  outermost  of  ground 
S1&88.  Between  these  a  number  of  pieces  of  colored  glass  are 
ptl&ced.  Directing  the  tube  to  the  sky  or  other  source  of  light, 
~-**d  revolving  it  while  looking  through  the  eye-hole,  the  pieces 
"  colored  glass  as  they  fall  into  new  positions  form  symmetri- 
patterns  which  are  very  beautiful. 
J$y  the  introduction  of  a  third  glass  mirror,  thus  forming  a 
urination  the  section  of  which  represents  an  equilateral 
single,  effects  equal  to  three  simple  kaleidoscopes  are  pro- 
do  ced. 

481.  8pherieal  Concave  Mirrors. — In  a  spherical  mirror,  as  the 
^*~m  indicates,  the  reflecting  surface  is  a  portion  of  a  sphere;  if 
'^■"med  by  the  interior,  it  is  called  a  concave  ;  if  by  the  exterior, 
a  <~onvex  mirror. 

In  Fig.  205,  a  concave  spherical  mirror  is  shown  in  section. 

^he  distances,  C  A,  C  M,  C  N",  etc.,  represent  the  radii  upon 

^Viich  it  has  been  constructed,  they  are,  therefore,  called  the 

r***lii  of  curvature.     To  the  point  C,  the  terms  centre  of  curvature 

*****  geometrical  centre  are  applied.     The  radius  of  curvature  C  A 

te    called  the  principal  axis.     All  other  radii  or  lines  passing 

through  C,  and  touching  the  surface  of  the  mirror  are  called 
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secondary  axes.    The  point  A,  at  which  the  principal  axis  touches 
the  mirror  is  called  the  pole.    The  angle  MCN,  included  between 
the  extreme  radii  of  curvature  is  the  aperture.    A  section  made 
by  cutting  it  by  a  plane  containing  its  principal  axis  is  called  % 
principal  or  meridional  section.     The  section,  Fig.  205,  is  of  this 
description. 

The  laws  governing  the  action  of  spherical,  are  the  same  ** 
for  plane  mirrors ;  the  former  is  made  up  of  an  infinite  noinb*r 

Fio.  205. 
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Focus  of  spherical  concave  mirror. 


of  plane  surfaces,  called  elements.     A  normal  to  the  curvat 
at  any  point  is  a  perpendicular  to  the  element  at  that  poi 
Since  all  normals  to  the  surface  of  a  sphere  pass  through 
centre  of  curvature,  one  may  be  readily  constructed. 

482.  Principal  and  Conjugate  Foci. — Applying  the  principl 
laid  down  in  the  last  paragraph  to  Fig.  205,  let  C  B  be  a  norm 
to  a  poiut  on  the  surface  of  the  mirror,  and  H  B  an  incide 
ray  to  the  same  point ;  it  will  be  reflected  on  the  opposite  sid 
of  the  normal,  and  the  angles  H  B  C  and  C  B  F  will  be  equal. 

In  the  case  under  consideration  the  incident  ray  H  B  is  paralle 
to  the  principal  axis.     Take  another  ray,  G  D,  also  parallel  to  th 

f>rincipal  axis ;  it  obeys  the  law  of  reflection,  and  following  th 
hie  D  F  outs  it  at  the  same  point  as  B  F.  In  like  manner 
every  incident  ray  parallel  to  the  principal  axis  after  reflection 
from  a  concave  mirror  of  less  aperture  than  ten  degrees  crosses 
it  at  F.  The  point  of  meeting  of  the  rays  in  F,  is,  therefore, 
called  the  principal  focus. 

Rays  falling  upon  a  mirror  ma}*  be  made  to  meet  at  other 
positions  than  that  represented;  therefore,  foci  receive  special 
designations  according  to  the  manner  produced. 

Where    rays  are  parallel  to  the  principal  axis,  it  ia  formed 

upon  that  axis,  and  is  called  the  principal  focus.     The  distance. 

A  F,  of  the  principal  fo<*us  from  the  surface  of  curvature  is  one-half 

of  the  radius  of  curvature.    This  distance  is  also  called  the  principal 

focal  distance  of  the  mirror. 

Where  rays  are  divergent,  as  from  a  luminous  point,  a 
brief  application  of  the  laws  of  reflection  shows  that  their  di- 
vergence will  he  diminished,  but  the  character  of  the  reflected 
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peocil  and  position  of  the  focus  will  vary  greatly,  according  to  the 
position  of  the  luminous  point.  Three  cases  may  be  examined. 
1st.  When  the  point  whence  divergent  rays  issue  is  at  the 
focus  of  the  mirror,  Fig.  205,  the  reflected  rays  will  be  parallel, 
tor  this  is  simply  a  reversal  of  the  process  by  which  parallel 
rwLys  were  converged.  If  it  is  desired  to  produce  a  beam  of 
parallel  rays,  it  may  be  obtained  by  placing  the  source  of  light 
the  focus  of  a  concave  mirror. 

2d.  If  the  luminous  point  L  be  moved  along  the  principal 

8  to  a  point  between  the  principal  focus  P  and  the  centre  of 

urvature  C,  the  reflected  rays  L  K  and  L I  will  meet  beyond  the 

tre  of  curvature  at  L.     Conversely,  rays  from  a  luminous 

int  at  L  will  converge  at  I  within  the  centre  of  curvature. 

ince  these  two  positions  bear  this  mutual  relation  to  each 

Fio.  206. 
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Conjugate  foci. 

otl*er,  they  are  called  conjugate  foci.     If  the  luminous  point  is  at 

"tile  centre  of  curvature,  since  the  rays  are  then  uormal  to  the 

Burface  of  curvature  C,  they  will  be  reflected  back  upon  it,  and 

ttie  conjugate  foci  are  in  this  case  identical.     In  all  cases  where 

*  concave  mirror  converges  rays,  the  rays  are  divergent  after 

tbey  pass  the  focal  point.     From  a  beam  of  parallel  ray  9^  therefore, 

a    convergent  or  a  divergent  pencil  of  light  may  be  obtained  by  a 

concave  mirror. 

If  the  luminous  point  be  passed  nearer  to  the  mirror  than 

its  focal  distance,  though  the  divergence  of  the  rays  is  diminished, 

they  retain  this  character  and  do  not 

come  to  a  true  focus.    This  state  of 

affairs  is  shown  in  Fig.  207,  L  being 

the  luminous  point  between  the  focus 

F  and  the  surface  of  the  mirror  A, 

tho  incident  rays  L  M  and  L  N  are 

reflected  in  the  paths  M  E  and  N  II, 

^bich  are  divergent. 

483.  Seal  and  Virtual  Foci — In  the  virtual  f.Km. 

firat  and  second  conditions   studied 

in  the  preceding  article,  if  a  small  screen,  as  a  piece  of  white 
Paper,  be  placed  at  the  focus,  an  image  of  the  object  is  formed. 
in  the  first  case,  the  sun  or  the  moon  being  the  source  of  light 
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the  rays  are  practically  parallel,  and  an  image  of  either  of  these 
objects  will  be  formed  on  the  screen  at  the  principal  focus.  In 
this  manner  the  principal  focus  for  any  mirror  may  be  deter- 
mined ;  its  distance  multiplied  by  two  gives  the  radius  of  curva- 
ture. In  the  caBe  of  conjugate  foci,  an  image  of  a  candle  flame 
or  other  luminous  object  will  be  formed  at  one  focus,  the  object 
being  at  the  other.  The  actual  image  formed  upon  the  screen 
under  these  conditions,  is  called  a  real  focus. 

In  the  third  case  in  the  preceding  article,  the  reflected  rays 
are  divergent,  and  there  is  no  real  focus,  but  if  we  imagine  these 
divergent  reflected  rays,  M  E,  and  X  H,  Fig.  207.  to  he  prolonged 
backwards  through  the  mirror  in  the  directions  M  I,  ami  X  I,  they 
meet  at  the  point  I,  To  this  point  the  name  of  virtual  focus  is 
given.  As  in  the  case  of  virtual  images  formed  by  plane  mirrors, 
We  may,  therefore,  say,  that  a  real  focus  is  formed  by  the  reflected 
rays  themselves;  a  virtual  focus,  hy  their  propagation  through  the 
mirror. 

484.  Spherical  Convex  Mirrors. — These  have  but  few  practical 

applications  besides  that  of  obtaining  a  point  of  light,  or  increas- 
ing the  divergence  of  rays  in  a  reflected  beam.  Application  of 
the  laws  of  reflection  shows  that  they  can  only  have  virtual  foci. 

485.  Formation  of  Images  by  Spherical  Mirrors. — From  con- 
sideration of  the  image  of  a  luminouB  point  we  pass  to  that  of 
any  object  possessing  appreciable  size.  Where  a  mirror  U  m* 
cave,  two  cases  present  themselves:  1st,  the  image  is  real ;  2d, 
it  i8  virtual 

Let  A  B,  Fig.  208,  represent  the  object  placed  beyond  the 
centre  0.     To  determine  the  focus  of  the  point  A,  draw  thence 


to  the  mirror  the  secondary  axis  A  E,  and  also  an  incident  ray 
A  D.  Construct  a  normal  to  1),  and  draw  the  reflected  ray  Da, 
taking  care  that  the  angle  of  reflection  C  D  a  is  equal  to  the 
angle  of  incidence  A  D  C.  At  the  point  a,  where  the  reflected 
ray  cuts  the  secondary  axis  A  E,  the  image  of  the  point  A,  will 
be  formed,  the  same  being  its  conjugate  focus.  In  like  row 
draw  an  incident  ray  and  secondary  axis  from  B,  when  it  will  I 
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found  that  after  reflection  the  former  cuts  the  latter  at  b,  where 
the  image  of  B  appears  at  its  conjugate  focus.  All  points  of  the 
objects  A  B  may  thus  be  examined,  when  it  will  be  found  that 
their  conjugate  foci  lie  between  a  and  b.  It,  therefore,  follows, 
that  the  image  of  the  object  A  B  placed  beyond  the  centre  of  curvature 
w  formed  at  a  b,  between  the  centre  of  curvature  and  the  principal  focus  ; 
it  is  also  real,  inverted,  and  smaller  than  the  object. 

If  the  object  is  at  a  b,  between  the  principal  focus  and  the 
centre,  the  reverse  conditions  are  presented,  and  the  image  is 
formed  at  A  B.  It  is  real,  inverted,  larger  than  the  object,  its  size 
increasing  as  the  object  is  placed,  nearer  to  the  principal  focus. 

When  it  is  at  the  principal  focus,  the  reflected  rays  from 
each  point  being  parallel  to  the  secondary  axis  drawn  there- 
from, an  image  is  uniformed. 

When  it  is  between  the  mirror  and  its  principal  focus,  the 
rays  do  not  come  to  a  focus,  but  are  divergent;  a  real  image, 
therefore,  is  not  formed,  but  the  eye,  when  properly  placed, 
perceives  one  which  is  virtual,  erect,  and  larger  than  the  object. 

By  placing  one's  self  in  front  of  a  concave  mirror,  all  these  facta 
may  be  veritied.  At  a  certain  distance,  a  real  inverted  smaller 
nigs  is  seen,  on  approaching  this  becomes  confused,  and  when 
at  the  focus  it  disappears;  passing  within  the  focus  an  enlarged 
ttrtual  erect  image  appears. 

In  the  ease  of  convex  mirrors  only  virtual  images  are  pro- 
duced. At  any  position  before  these  the  image  is  always 
*f«t,  and  smaller  than  the  object,  as  can  be  shown  by  direct 
e3C[ierimeut,  or  by  the  construction  of  a  diagram,  as  with  con- 


486,  Spherical  Aberration  and  Canstics. — The  statements  thus 
'***■  made  regarding  mirrors,  are  only  correct  while  the  angle 
tfc^~  aperture  is  not  more  than  ten  degrees.  When  it  passes  be- 
J"<-*nil  this,  the  rays  reflected  from  the  exterior  portions  reach  a 
*5*<2ii8  nearer  to  the  mirror  than 

«»oie  reflected  from  the  regions  Fig.  209. 

*fcxmt  the  pole,  as  at  B,  the 

tt^aage    is,   therefore,    blurred. 

i  *•  tiiis  eflbct  and  its  cause  the 

Wrm  spherical  aberration  is  ap- 

f^Wd.     It  is   represented.  Fig. 

909,  when  the  ray  from  L,  re-  miwim  n in«n  u 

fated  from  A,  cuts  the  prin- 

;i\is  within  the  point  at  which  the  ray  reflected  from  B 
n-aclies  it.  By  connecting  the  points  of  intersection,  the  curve 
M  F  is  obtained.  This  is  called  the  caustic.  It  is  perceivable 
when  lamp  or  candle  light  is  reflected  from  the  interior  of  a 
tumbler  upon  milk  or  other  fluid  contained  therein. 
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487.  Parabolic  Mirrors.  —To  avoid  the  aberration  in  epherica 
mirrors  of  aperture  greater  than  ten  degrees,  a  parabolic  can* 
ture  is  employed. 

In  Fig.  210,  conceive  that  the  arc  AMofa  parabola  is  cause 

to  revolve  about  its  axis  AX,:        * 
Fio.  2io.  mirror    of  the    form   in  qnesuoir^    a 

would  result.     The  figure  also  ind —  S- 
.        ca  tea  that  in  a  parabola  any  atraigtmk.  t 
line,  F  M,  drawn  from  the  focn».-« 

to  any  point,  M,  and  there  meetiu^K 

x_      a  line,  M  L,   parallel  to   the  ar*-* 

will  form  equal  angles  with  a  tao- 

gent,  T  T',  to  the  curve  at  the** 

point  of   intersection,    M.      Frotn 

~~  this  it  follows,  that  all  rays  pamlld 

v.  to  the  axis  will  be  reflected  to  tto* 

focus;  and,  conversely,  a  lumino*** 
point  at  the  focus  will  give  parallel  rays.  Hence  the  use  *>f 
these  in  railway  and  carriage  reflectors. 

488.  Cylindrical   Mirrors.     Anamorphosis. — The    distortion     t*5 
convex  mirrors  of  this  form  is  very  great.     When  the  axi»     « 


■rtk-sl.  it  a« 
fade  undo! 


like . ).:» 


mirror,  as  regards  the-  angular  mag— 
:  oi   tl«-    image  if  seen,  and  like  » 
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spherical  in  relation  to  its  breadth.  The  reflected  image  is,  there- 
fore, greatly  contracted  in  its  horizontal  dimensions. 

Uy  drawing  pictures  with  the  proper  distortions,  and  viewing 
them  by  reflection  in  a  cylindrical  mirror,  as  in  Fig.  211,  the 
confused  appearance  existing  is  corrected,  and  the  image  repre- 
ss Dts  a  recognizable  form.  This  method  of  restoration  of  true 
proportion  is  called  anamorphosis. 

Concave  cylindrical  and  tubular  mirrors  are  used  in  exami- 
nation of  different  cavities  of  the  body.  They  serve  to  direct 
light  into  such  cavities.  They  vary  in  form  and  size  accordiug 
to  the  use  for  which  they  are  applied.  Among  these  are  the 
aural  speculum;  nasal,  or  rhinoscope ;  also  rectal,  vaginal,  and  urethral 
specula. 

489.  Applications  of  Curved  Mirrors  are  chiefly  for  condensing 
light,  and  for  use  in  reflecting  telescopes. 

In  many  forms  of  microscope,  a  concave  mirror  is  attached  to 
the  posterior  face  of  the  plane  mirror,  which  reflects  the  light 
through  the  stage  of  the  instrument.  By  either  of  these  direct 
or  oblique  illumination  is  obtained  as  desired. 

The  ophthalmoscope  consists  of  a  concave  silvered  mirror  with 
an  aperture  through  the  pole.  It  is  used  to  direct  a  convergent 
beam  of  light  into  the  eye  under  examination.  The  interior 
thus  illuminated  is  viewed  by  the  operator  placing  his  eye  at 
the  aperture.  The  inspection  can  be  conducted  with  or  without 
the  aid  of  magnifying  glasses. 

In  the  laryngoscope,  already  mentioned  (480,  3d),  a  mirror  such 
*«  that  described,  is  used  in  conjunction  with  a  plane  reflector. 
The  latter  is  held  by  a  handle  at  a  suitable  angle  at  the  back 
part  of  the  mouth,  the  condensed  light  from  the  ophthalmo- 
^ope  mirror  is  thus  reflected  iuto  the  larynx,  the  plane  re- 
flector serving  to  direct  the  light  into  the  organ,  and  enable  the 
°Psrator  to  view  its  interior. 

.  In  the  Lieberkiihn  objective  for  microscopes,  the  glass  objective 
^  placed  in  the  pole  of  a  reflecting  mirror,  opaque  objects  are 
thus  subjected  to  a  more  brilliant  illumination  (584). 

In   reflecting  telescopes'  concave   mirrors  are  employed  to 

Pr°<luce  images  of  celestial  and  terrestrial  objects.     These  are 

a'**o  called  catoptric  telescopes.     Various  forms  have  been  con- 

*i.Pu^ted.     In  the   Herschelian  telescope  the  reflector  is  set  at  a 

i*,Sht  angle  to  the  tube,  and  the  image  is  produced  at  one  side 

^^r  the  mouth,  and  there  viewed  directly  by  the  eye  of  the 

kBerver-     ^n  *^e  Newtonian  reflector  it  is  set  at  right  angles  to 

the  tube.     In  the  axis  of  this  near  its  mouth,  a  plane  mirror 

r^flect«  the  converging  beam  to  one  side  whence  it  passes  through 

*l*  aperture  and  is  viewed  by  the  eye.     In  the  Gregorian  form  it 

ls  perforated  through  its  pole;  the  rays,  as  in  the  Newtonian, 


are  received  upon  a  plane  mirror,  which  is  Bet  parallel  to  the 
concave  mirror;  the  converging  beam  is,  therefore,  seut  hack 
to  the  aperture  in  the  centre  of  the  concave  mirror,  and  there 
viewed  by  the  eye. 

By  the  process  for  silvering  glass,  telescope  and  other  mirrors 
are  now  made  of  this  substance  and  covered  with  pure  silver. 
Accurate  curvature,  high  reflecting  power,  and  lightness  are 
thereby  obtained. 
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Refraction  illustrated — Refraction  power  nf  different  media — Laws  of  tingle 
refraction — Index  of  refraction— Critical  angle.  Total  reflection — Atmoa. 
ptaeric  refraction  and  mirage — Media  with  parallel  surfaces — The  priam — 
Track  of  ray  in  prism.  Angle  of  deviation — Minimum  deviation — Reflect- 
ing prism  l. 

490.  Refraction  Illustrated. — Much  of  the  light  falling  upon 
a  surface  is  reflected;  the  quantity  so  disponed  of  is  greater 
ns  the  color  of  the  body  is  lighter  and  its  polish  more  perfect. 
Even  the  whitest  and  most  accurately  polished  surfaces  do 
not  reflect  the  whole  of  the  incident  light,  but  a  portion 
always  penetrates  the  substance.  In  opaque  bodies  the  whole 
is  absorbed  very  near  the  surface.  In  those  which  are  trans- 
lucent it  is  taken  up  slowly,  and  a  portion  may  pass  out  from 
the  opposite  Bide  if  the  medium  is  not  too  thick.  In  tfaOM 
highly  transparent,  a  small  portion  iB  reflected,  the  greater 
part  passing  through  with  but  slight  loss. 

In  the  passage  of  a  ray  of  light  from  one  transparent  medium, 
aw-,  to  another,  water,  the  tract  does  not  undergo  any  change  of 
direction,  providing  it  enters  the  second  perpendicularly.  If, 
on  the  contrary,  it  penetrates  it  in  any  other  course  than  the 
normal  or  perpendicular,  it  no  longer  follows  the  same  track, 
but  suddenly  breaks  therefrom  at  the  surface,  and  pursues  a 
straight  line  in  a  different  direction.  To  this  phenomenon  the 
term  refraction  is  applied. 

The  direction  in  which  the  course  of  a  ray  is  broken  dtflhti 
with  the  relative  densities  of  the  two  media  concerned.  Of  this 
the  following  experiments  are  illustrations.  Let  A  B  represent 
a  rectangular  aquarium  with  the  vertical  end  A  covered  by  a 
board,  or  blackened  to  render  it  opaque.     At  C  a  candle  flame 
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is  placed,  the  rays  therefrom  being  obstructed  by  the  opaque 
side  only  illuminate  the  upper  part  of  the  aquarium,  and  the 
whole  of  the  bottom  is  in  deep  shade  when  observed  from  the 
side    as  in  Fig.  212.     Now  let  the  tank  be  slowly  filled  with 


Fia.  212. 


Befractlon. 


water;  then  viewing  it  as  before,  as  the  fluid  rises  higher  and 
higher,  more  and  more  of  the  bottom  is  illuminated,  until  when 
full  to  the  brim  the  r&ys  reach  as  far  forward  as  B. 

In  the  latter  case  the  light  has  passed  from  a  light  medium, 
<*«%  into  a  denser  medium,  water.  It  has  also  impinged  upon  the 
surface  of  the  latter  at  a  considerable  angle  to  the  normal.  It 
has  consequently  been  refracted  from  the  course  C  A,  into  A  B, 
the  new  track  being  bent  towards  the  side  of  the  tank  at  which 
the  ray  entered,  viewing  that  side  as  a  perpendicular  in  the 
Medium  to  its  surface,  we  say  that  the  refraction  is  towards  the 
Perpendicular  or  normal.  The  plane  separating  the  two  media 
18  called  the  refracting  surface,  and  each  of  the  media  a  refracting 

Empty  the  tank  and  place  a  silver  coin,  A,  upon  its  bottom, 
*°  the  eye  at  C  can  see  it  in  a  straight  line,  then  move  to  E; 

Fio.  213. 


Kffrartion  iu  tank. 


here  the  coin  is  invisible  on  account  of  the  intervention  of  the 
opaque  side  B.  Filling  the  vessel  with  water,  the  position  of 
the  eye  not  changing,  it  again  comes  into  view,  and  together 
with  the  bottom  appears  to  rise,  so  that  the  vessel  seems  to  be 
shallower  than  before. 
These  appearances  are  all   due  to  refraction.     The  ray  A  B 
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proceeding  from  the  coin    takes  the  direction  A  C  when  tin? 
tank  is  filled  with  air;  but  when  with  water,  the  ray  A  B,  on 
leaving  the  surface  at  B,  undergoes  refraction,  and  takes  tine 
new  course  B  £,  the  eye  perceiving  A  as  though  at  F.    If  '^ 
compare  the  new  or  refracted  path  B  E,  and  its  preceding  p**" 
B  C,  with  the  normal  H  G,  we  find  that  in  passing  from  t*ie 
dense  into  the  light  medium,  the  ray  has  been  refracted  fronii 
instead  of  towards  the  normal. 

491.  Refraction  Power  of  Different  Media. — In  the  experime  nt 
with  the  coin,  the  course  of  the  emergent  or  refracted  rav  ^~* 
bent  away  from  the  normal  at  the  point  of  emergence,  fn  t\** 
trial  with  a  candle  it  was  bent  towards  the  normal.  In  this-  "** 
in  all  cases  of  refraction,  the  medium  in  which  the  ray  ma 
the  smaller  angle  with  the  normal  is  said  to  have  the  greater 
fractive  power. 

Though  generally  this  is  true,  it  is  not  always  so.  In  pla 
therefore,  of  speaking  of  the  denser  and  rarer  medium ,  it  is  m 
accurate  to  use  the  terms  more  refractive  and  less  refractive. 

In  gases,  liquids,  glass,  and  uncrystallized  media,  the  refr- 
tion  is  single.     In  many  crystalline  bodies,  as  Iceland  spar  a. 
selenite,  on  the  contrary,  the  refracted  ray  is  divided.     Thi:^ 
called  double  refraction. 


492.  Laws  of  Single  Refraction. — These  were  first  stated 
Snell,  and  afterwards  enunciated  by  Descartes.     They  are 
erally  known  as  the  laws  of  Descartes,  or  as  the  laic  of  sines. 

Let  I,  Fig.   214,  represent  the  poiut  of  impact  of   the  re*5*-^     j 
R  upon  the  surface  separating  two  media,  and  I  S   its  refract^^^^e 

course  in  the  second.     The  angl~~ 
made  by  R  I  or  R'  I,  and  the  nor- 
mal to  the  surface,  is  the  angle  ^ 
incidence*  and  the  angle  ma<le  b~ 
I  S  and  the  normal,  is  the  angle  o 
retraction.    Continuing  the  cours 
of  the  ray  R  I  to  R'  we  have  t 
angle  R'  I  S  formed,  which  is  th 
deflection  of  the  ray  R  I  from  it 
original  course.    This  is  called  the 
angle  •/  deviation. 

Describe  a  circle  around  I  as  a 
centre,  and  from   S  let  a  perpen- 
dicular fall  on  the  normal,  it  will 
cut  it  at  P.     The  line  S  P  then 
>inc  of  the  angle  of  refraction  SIP.     From  R\ 
intersection  of  the  prolonged  incident  rav  and  the 


Fk*.  214. 


s»f 


: raotu : 


becomes  tl.i 
the  point  <•:' 
circumKretici 


f  the  circle,  draw  a  second  perpendicular  to  the 
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n  ormal,  it  will  intersect  it  at  P',  and  the  line  R'  P'  will  represent 
-tlie  sine  of  the  angle  of  incidence.  As  one  of  these  sines  varies, 
the  other  changes  in  a  constant  ratio.  From  these  facts  we  have 
tbe  following  laws. 

1st.  The  refracted  and  incident  rays  are  in  the  same  plane,  and 
at  riqht  angles  to  the  surface  between  the  two  media. 

2d.  For  all  angles  of  the  incident  ray,  the  ratio  of  the  sine  of  the 
cz7*gle  of  incidence  and  of  the  sine  of  the  angle  of  refraction  is  con- 

vat  for  two  given  media,  but  varies  for  different  media. 


488.  Index  of  Refraction. — The  ratio  between  the  sines  of  the 
.gles  of  incidence  and  refraction  is  called#the  index  of  refraction. 
It  varies  with  different  media.  Prom  air  to  water  it  is  £ ;  from 
ai  r  to  glass  it  is  £.  If  the  course  of  the  ray  is  considered  in  the 
opposite  direction,  the  index  is  reversed,  being  from  water  to 
air  4,  and  from  glass  to  air  f. 

"When  a  ray  passes  from  a  vacuum  into  a  medium,  the  ratio 
greater  than  unity,  and  is  called  the  absolute  index  of  refraction 
fiimply  the  index  for  the  medium  in  question.     In  air,  the 
"bsolute  index  is  so  small  that  it  may  be  neglected  when  corn- 
el with  liquids  and  solids. 


Indices  of  Refraction. 


Diamond  .        2.47  to 

Phosphorus 

Sulphur 

Sapphire  . 

Ruby 

Carbon  bisulphide 

loeland    spar,    ordi- 

nary  ray 
Iceland  spar,  extra- 
ordinary 
2int  glass        1.576  to 
ock  salt  1.545  to 

ock  crystal 
late  glass,  St.  Gobin 
rown  glass     1.531  to 
2  nseed   oil,  sp.   gr. 
0.932 


For  solids 

2.75 

2.224 

2.115 

1.794 

1.779 

1.678 

1.654 

1.488 
1.642 
1.650 
1.648 
1.543 
1.563 

1.482 


and  liquids. 

Oil  of  turpentine,  sp. 

gr.  0  885 
Alcohol     . 
Albumen  . 
Ether 
Crystalline  lens, 

layers     . 
Crystalline  lens, 

layers 
Crystalline  lens, 

tral 
Sea  water, 
Vitreous  humor 
Aqueous  humor 
Pure  water 
Ico    . 


outer 


inner 


cen- 


1.478 
1.372 
1.860 
1.358 

1.337 

1.379 

1.400 
1.343 
1.339 
1.337 
1.336 
1.310 


ases  at  0°  C  and  760  mm.  pressure.     Refractive  indices  of  gases. 


cicuum 

3rdrogen 

=*ygen 

Itrogen 
*»monia 


1.000000 
1.000138 
1.000272 
1.000294 
1.000300 
1.000385 


Carbonic  acid 
Hydrochloric  acid 
Nitrous  oxide 
Sulphurous  acid 
defiant  ga9 
Chlorine 


1.000449 
1.000449 
1.000503 
1.000665 
1.000678 
1.000772 


*^^    relative  index  of  refraction  from  any  medium,  A,  into  a 
tf  a*V^»  B,  is  always  equal  to  the  absolute  index  of  B  divided  by 
#>*  *\Y>%olute  index  of  A. 
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494.  Critical  Angle.  Total  Reflection. — Consideration  of  the  law 
of  sines  shows,  that  if  the  incident  ray  is  in  the  leas  refractive 
medium,  there  is  always  a  corresponding  angle  of  refraction. 
This  is  not  the  case  when  the  incident  ray  is  in  the  more  refract- 
ing medium.  When  it  passes  from  water  into  air,  for  example, 
there  is  an  angle  at  which  the  angle  of  refraction  hecoru.es  90°; 
beyond  this  the  ray  is  totally  rejfa-ted  at  the  surface. 

In  Fig.  215,  let  8  0  be  a  ray  of  light  traversing  water  from  S 
to  0,  and  suppose  that  at  O  it  is  refracted  in  the  direction  O  K. 
Any  ray,  P  0,  making  a  greater  angle  with 
the  normal  than  tbe  angle  SOB,  cannot 
emerge,  but  will  of  necessity  undergo  re- 
flection at  O,  and  follow  the  direction  O  Q. 
The  angle  SOB  being  the  limit  at  which 
the  refracted  ray  can  emerge  from  the  fluid, 
is  the  critical  angle.  From  water  to  air  this 
is  48°  35';  from  glass  to  air,  41°  48'. 
yt-  Examples  of  total  reflection  are  seen  iu 

"-.-.-"  the  brilliancy  of  the  surface  of  bubbles  of  ail 

t'rtu™i  wu  *n  watei'»  wh«n  viewed  at  a  certain  angle. 

If  a  plain  glass  tumbler,  or  a  beaker,  is 
tilled  with  water,  and  held  above  the  head,  until  the  Hue  of 
vision  is  through  the  side  of  the  vessel  to  the  surface,  as  it  is 
raised,  an  angle  is  soon  reached  at  which  objects  on  the  ground 
appear,  their  images  being  produced  by  total  reflection  from  the 
under  surface  of  the  liquid. 

495.  Atmospheric  Refraction  and  Mirage. — As  light  is  refracted 

on  its  exit  from  air  to  water,  it  likewise  changes  it-  course  on 
passing  from  vacuous  space  into  the  atmosphere.  Consequently 
only  those  celeBtial  bodies  actually  overhead  appear  in  their  true 


Fw.  216. 


position,  since  their  rays  enter  the  air  at  the  normal.    The  li< 
from  a  star  at  A,  Fig.  216,  is  refracted  on  entering  the  air  at  c 
and  the  observer  at  d  sees  it  as  though  at  a.     At  B,  the  sun 
represented  after  it  has  passed  below  the  horizon;  its  light  is 
refracted  as  it  enters  the  air  at  e,  and  the  observer  at  d  sees  it 


. 


it  d  sees  it  as 
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though  at  6.     Light  from  the  sun  is,  therefore,  brought  to  us  by 

refraction  as  twilight  after  that  luminary  has  disappeared  below 

the  real  horizon.     The  same  happens  in  early  moraine,  and  he 

appears  before  the  horizon  has  actually  been  reached.     Thus 

the  day  is  lengthened  a  little  morning  and  evening. 

In  the  figure  the  lines  d  c  d  e  are  drawn  as  though  straight. 
This  is  not  actually  the  case.  The  layers  of  air  nearest  the  earth 
are  the  densest,  consequently  the  refraction  there  is  greatest, 
aud  the  light  follows  a  curved  course. 

Since  some  objects  on  the  earth's  surface  absorb  the  sun's  rays 
more  readily  than  others,  they  are,  consequently,  warmer.  From 
their  surfaces  upward  currents  of  heated  gas  are  rising.  These 
being  lighter  than  other  portions  of  air,  have  a  different  refrac- 
tive power;  in  addition,  they  are  continually  in  motion;  and  so 
media  of  variable  powers  of  refraction  are  continually  passing 
between  the  eye  and  distant  objects.  The  result  is  continual 
change  in  positions,  which  gives  to  them  the  appearance  of 
dancing.  The  same  effect  is  caused  when  we  view  anything 
through  air  rising  from  the  surface  of  a  hot  stove. 

In  the   phenomenon  known   as   mirage,  inverted  images   of 
distant  objects  appear  to  travellers  on  deserts,  as  though  re- 
flected from  a  surface  of  tranquil  water.     The  explanation  of 
this,  as  given  by  Dr.  Arnott,  is  as  follows:  "The  strata  of  air 
immediately  above  the  heated  sandy  soil,  are  greatly  expanded 
and  rarer  than  the  strata  above  them,  which,  in  spite  of  the  law 
°f  diffusion,  remain  denser.      Rays  of  light  proceeding  from 
°hject8  in  a  direction  a  little  above  the  level  of  the  earth,  and 
nearly  parallel  to  it,  meet  the  heated  and  rarer  strata  at  a  very 
obtuse  angle.     They  take  the  course  of  a  curve  as  the  result  of 
gradual  refraction,  until  at  length  the  angle  of  incidence,  which 
8£>e8  on  increasing,  reaches  the  point  at  which   refraction  is 
changed   into   reflection,  and   the 
^ys  meet  the  eye  of  the  spectator 
**    if  proceeding  from   an   object 
k?low  the  level  of  the  earth.    This 
f,ve8  to  it  the  appearance  as  if  it 
****  reflected  from  the  surface  of 

H*ater." 

.     Mirage  effects  are  not  confined  to 

j*°t  climates,  they  have  been  noticed 

]*y  Arctic  navigators  at  high  lati- 


S  N 

Hofrac  tioii  through  piralh'l  ]>\atv. 


486.  Media  with  Parallel  Surfaces. 

"^Wlien  a  ray  impinges  at  a  right 

ailgle,  X  I,  upon  a  medium,   the 

^rfaces  of  which  are  parallel,  it  passes  through  without  change 

°f  direction.    If  at  an  angle,  as  S  I,  it  is  bent  towards  N  I  on 


sec 
shs 

wh 


of  as  the  summit  or  apex,  and  B  C  the  base.  The  line  of  meet- 
ing, A,  of  the  two  faces  represented  edgewise  at  A  B  and  A  C, 
iB  called  the  edge.  Any  section  perpendicular  to  this  is  called 
a  principal  section.  If  perpendiculars  be  drawn  from  each  side  to 
the  opposite  angle  of  the  triangle,  forming  a  principal  section  of 
an  equilateral  prism,  they  all  meet  at  a  point  called  its  centre. 
A  line  drawn  through  this  perpendicularly  to  a  principal  section, 
is  its  itxis.  When  a  ftuid  is  used,  a  cell  of  the  form  in  question, 
made  of  clear  glass,  is  filled  therewith. 

From  a  purely  optical  point  of  view,  only  the  two  plane  f'uces 
forming  the  edge  are  considered.  The  angle  embraced  betWMD 
these  is  called  the  refracting  angle.  An  equilateral  prism  '■-■ 
therefore,  called  a  prism  of  sixty  degrees,  Bince  that  is  its  i 
trading  angle. 

498.  Track  of  Ray  in  Priim.  Angle  of  Deviation. — With  va 
tion  in  the  angle  of  incidence,  made  by  the  ray  and  the  surface 
of  the  prism  upon  which  it  impinges,  the  track  through  the  paaa 
will  also  vary.  It  may  be  made  to  undergo  reflection  at  the 
Beoond  face,  and  emerge  at  the  third.  To  avoid  ambiguity  wa 
shall,  therefore,  confine  our  explanation  to  what  lai. 
when  it  is  in  the  best  position. 

In  Fig.  218,  ABC  represents  a  principal  section  of  a  prism 
of  sixty  degrees,  S  I  is  an  incident  ray  falling  npon  the   face 
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A  B,  and  making  the  angle  of  incidence  SIN  with  the  normal 
Jf.  Passing  from  air  into  glass,  it  is  bent  towards  the  norma! 
I  M,  drawn  therein,  and  the  angle  of  refraction  r  is  less  than 
the  angle  of  incidence  ?'.  Impinging  upon  the  opposite  face 
A  C,  it  is  again  refracted  on  emerging,  and  follows  the  direction 
R,  and  the  angle  of  refraction  i'  is  greater  than  the  angle  of  in- 
cidence r1,  according  to  the  law  for  passing  from  a  highly  re- 
fracting medium  to  one  of  less  power. 

If  the  incident  light  S  I  is  a  beam  of  sunlight,  while  the  prism 
does  not  interfere,  the  image  is  produced  at  S',  the  prolongation 
of  S  I.  When  the  prism  is  intervened  and  properly  adjusted, 
tlie  light  on  emerging  takes  the  direction  R.  It  has  been 
tJistiged  or  deviated  from  its  course.  To  measure  the  extent  of 
tills,  the  line  of  refraction  R  is  prolonged  until  it  intersects  the 
li**«  of  incidence  S  S'  at  0,  when  the  angle  I)  represents  the 
or*  tyk  of  deviation. 

i'rom   this  it  is  obvious  that   a  ray  of  light  in  its  passage 
trar-ough  a  prism  is  deviated  or  deflected  towards  its  base. 

499.  Minimum  Deviation.  —  Suppose  a  beam  of  sunlight  be 
<ii  rected  across  a  room  by  the  mirror  of  a  heliostat,  it  forms  a 
«pot  of  light  or  image  of  the  sun  on  the  opposite  wall.  If  it  is 
<-*s*ught  upon  an  equilateral  prism,  held  with  its  axis  vertical, 
and  rotated  thereon,  the  spot  of  white  light  will  disappear,  and 
•  Ji  i  ts  place  a  colored  elongated  image  is  produced.  The  direc- 
t'on  in  which  this  is  formed  shows  that  the  light  on  emerging 
ti"oru  the  prism  is  deviated  towards  its  base. 

Itotatinjj  the  prism  upon  its  axis,  the  angle  of  incidence  di- 

n-»inishes,  the  colored  image  moving  along  the  wall  nearer  to  the 

^>1">^riual  location  of  the  spot.     Continuing  the  rotation,  a  point 

'e   tinally  reached  at  which  the  image  begins  to  recede  from  this 

V*°aition.     There  is,  therefore,  a  particular  angle  of  deviation 

^J*   ^vfcich  the  colored  image  is  nearest  to  the  original  line  of 

\ll?Ht  from  the  helioetat  mirror.     This  deviation  being  less  than 

***  any  other  case,  it  is  called  the  angle  of  minim um  deviation.     It 

'•"  '*  •   tliir-  angle  that  a  prism  must  be  set  when  used  for  spectrum 

■work. 

In  Fig.  218,  the  prism  is  shown  in  its  position  of  minimum 
deviation.  The  slightest  rotation  upon  its  axis,  to  right  or 
\*ft»  causes  the  image  to  undergo  greater  deviation,  and  ap- 
fM*oh  0.  It  will  be  noticed  that  the  angles  of  incidence  i  and 
emergence  i*,  under  the  adjustment  of  minimum  deviation,  are 
equal 

Bdub  rays  of  different  colors  vary  as  regards  their  refrangi- 
Ijiiiiv,  it  is  necessary  to  set  the  prism  for  the  minimum  deviation 
of  die  ray  in  which  work  is  done,  when  great  accuracy  is 
i.  ■  md. 


430 


OPTICS. 


5Q0.  Reflecting  Prisms. — The  principle  of  total  reflection  (49-W^j 
is  applied  in  many  optical  instruments.     The  simplest  exampl  -^e 

is  ottered  by  prisms  which  present     .9 
right  angle  in  their  principal  sectioi  a. 
Let  ABC  represent  a  principle*! 
i^B  m^u  0,    section  of  a  glass  prism,  and  OanLj* 

^ — IHtek incident  to  the  surface  C  B.    Sinc=-*» 

-7  wmfim>.  ^  j8  norma)  or  perpendicular  tothi^, 

it  enters  without  being  refracted  am  «I 
impinges  upon  the  hypothenuse  A  T3 
at  H.  The  angle  formed  by  0  XI 
with  a  normal  to  A  B  is  45°.  Tfc* « 
critical  angle  for  glass  (494)  is  41°  48' ;  the  ray  O  H,  therefor  *±<> 
undergoes  total  reflection,  and  passes  out  of  the  third  face  of  tfc*s 
prism  in  the  line  A  T,  as  indicated.  The  eye  consequently  p^** 
ceives  the  object  0  in  the  position  0'. 


Right  angle  prism. 
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The  prismatic  spectrum — Normal    dispersion — Abnormal  dispersion — Spectr 
colors  are  simple,  and  of  different  refrangibility — The  rainbow — New 
theory  of  composition  of  white  licjht — Recomposition  of  white  light — T* 
achromatic  prism — Heat  in  prismatic  spectrum — Chemical  action  in  prisma 
spectrum — Maxima  of   energies   in   prismatic  spectrum — Light,   heat,  a: 
chemical  action  are  modes  of  vibration. 


501.  The  Prismatic  Spectrum. — In  discussing  the  action  of 
prism  in  the  preceding  chapter,  it  is  stated  that  after  light  h 
passed  through,  it  is  no  longer  white,  but  forms  a  colored  elon^ 
gated  image  upon  the  screen.  This  image  is  called  the  prismatic 
spectrum. 

For  study  of  the  spectrum,  the  following  method  and  arrange- 
ment,  Fig.  220,  may  be  adopted.  Admit  a  beam  of  sunlight 
through  a  horizontal  narrow  slit  in  the  shutter  of  a  dark  room 
at  A  (a  parallel  beam  from  an  oxycalcium  lantern  may  be  substi- 
tuted). The  line  A  X  then  represents  its  track  until  it  falls 
upon  the  screen  X.  Intervene  the  prism  P  with  its  edge  down- 
wards. Revolve  it  upon  its  axis  until  the  centre  of  the  colored 
image  formed  on  the  screen  is  brought  as  near  as  possible  to  X, 
the  original  line  of  light.     It  is  then  adjusted  to  the  angle  of 
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minimum  deviation  for  the  central  part  of  the  spectrum.     Sub- 
mitting this  to  close  inspection,  we  find: 

1st.  That  it  presents  an  infinite  number  of  tints  which  grad- 
ually merge  into  each  other.     For  convenience,  seven  of  these 


Fig.  220. 


The  spectrum. 


were  selected  by  Newton  and  spoken  of  as  the  seven  primitive 
colors,  viz.,  violet,  indigo,  blue,  green,  yellow,  orange,  red. 

2<3.  The  order  in  which  the  colors  are  arranged  is  that  given  ; 
the  violet  being  deviated  the  most  from  the  original  course  of 
'^Ht,  and  the  red  the  least.  The  deviation  of  the  others  is  in- 
termediate between  these. 


.  Normal  Dispersion. — The  spectrum  presents  a  certain 
r*l?rth  fr°m  the  violet  to  the  red ;  this  spreading  out  of  light, 
a**<l  its  separation  into  different  colors,  is  called  dispersion.  Its 
extent  is  measured  by  the  angle  of  separation  of  any  two  rave, 
e-  27 -y  red  and  violet.  In  Fig.  220  this  is  represented  by  R  P  V. 
Its,  ratio  to  the  mean  deviation  of  the  two  rays  is  called  the 
th&jyersive power.  It  is  constant  for  any  given  medium,  while  the 
reft*acting  angle  is  small.  The  dispersive  power  of  different 
substances  varies  greatly,  flint  glass  having  nearly  double  that  of 
crown  class. 

In  colored  artificial  lights,  the  spectrum  differs  from  that  of 
the  sun,  the  intensity  of  some  colors  being  diminished.  The 
color  Tvhich  predominates  in  the  flame  is  the  chief  in  the  spec- 
trum. Sometimes  a  portion  of  the  solar  spectrum  colors  are 
waa  ti  ng  in  flames. 

^^-H    media  which  give  spectra  in  which  the  colors  are  in  the 

or******  stated,  are  said  to  produce  normal  dispersion. 

**-*      t;  lie  light  which  has  passed  through  one  prism  be  received 

^P&r*     ^s  second,  placed  to  increase  the  deviation  in  the  same 

^  ^~  ticna8  that  produced  by  the  first,  the  dispersion  or  increase 

length  of  the  spectrum  will  \>e  augmented  in  a  similar 


ratio.     Thus  by  using  u  number  of  prisms,  all  acting  in  the  same 
direction,  dispersion  may  be  increased  to  any  required  degree. 

503.  Abnormal  Dispersion. — Certain  solutions,  as  iudigo  and 
permanganate  of  potassa,  give  spectra  in  which  the  order  of 
colore  is  not  the  same  as  in  normal  dispersion.  If,  for  example, 
a  hollow  glass  prism  be  filled  with  an  alcoholic  solution  of 
fuchsine,  the  following  spectrum  results;  violet  is  least  deviated  ; 
then  red,  and  yellow  the  most.  Kundt  has  found  that  all  sub- 
stances  with  surface  color  exhibit  abnormal  dispersion  when  con- 
verted into  optical  prisms. 

504.  Spectrum  Colors  are  Simple  and  of  Different  Refrangibility 
— White  light  Laving  been  decomposed  by  a  prism,  the  question 
arises :  What  will  occur  if  each  of  the  seven  colors  be  passed 
through  a  second  prism  '!  In  Fig.  220  the  experimental  exami- 
nation of  this  proposition  is  delineated  In  the  screen  on  which 
the  spectrum  is  formed  an  opening  is  made.  This  is  adjusted 
to  allow  the  red  ray  to  pass  through  the  perforation,  it  then  im- 
pinged upon  a  second  prism,  P',  placed  as  the  tiret,  edge  down- 
wards. The  ray  is  again  deviated  or  refracted,  but  no  further 
decomposition  of  light  takes  place.  Changing  the  position  of 
the  prism  until  the  ray  is  refracted  dowuwards,  sideways,  or  in 
any  other  direction,  the  color  remains  unaltered.  We.  there- 
fore, conclude  that  in  decomposition  of  light  by  a  prism,  since 
each  color  undergoes  no  change  but  that  of  deviation,  the  colors 
produced  in  the  prismatic  spectrum  ure  simple. 

The  formation  of  the  prismatic  spectrum  is,  in  itself,  an  evi- 
dence that  the  rays  of  different  colors  possess  varying  degrees 
of  refrangibility,   otherwise  they  would   not  undergo  different 
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degrees  of  deviation.     Many  additional  facts  might  be  cited  in 
demonstration  of  this;  the  following  will  answer  our  purpose. 

If  a  series  of  small  squares,  V  I  B  G  Y  O  H,  ropreft 
the  seven  colors  of  the  spectrum,  arc  arranged  in  onJ 
and  viewed  through  a  prism  held  with  edge  parallel  to  the  row* 
the  violet  will  be  displaced  t*he  most,  the  red  the  least,  ->!  : 
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intermediate  colore  form  a  series  of  steps  between  the  two  as 
at  M  X. 

In  another  experiment  contrived  by  Newton,  the  light  as  it 
emerges  from  a  prism  adjusted  to  give  a  vertical  spectrum,  is 
torced  to  pass  through  another,  the  edge  of  which  is  vertical,  or 
*t  right  angles  to  that  of  the  first.  Thus  treated,  the  spectrum 
changes,  it  moves  to  one  side,  being  deviated  towards  the  base 
of  the  second  prism.  The  spectrum  is  no  longer  vertical,  nor 
horizontal,  but  takes  an  inclined  or  oblique  position,  the  violet 
being  refracted  the  most,  the  other  colors  in  their  order,  and  the 
red  the  least. 

In  the  figure  the  manner  of  change  is  exhibited,  ran  being  the 
fpectrum  as  formed  by  the  first  prism,  M  N  the  position  when 
it  has  passed  through  both,  the  violet  ray  V  being  refracted  the 
most,  the  yellow  ray  Y  intermediately,  and  the  red  ray  R  the  least. 

M6.  The  Rainbow. — This,  one  of  the  most  interesting  of  natu- 
ral phenomena,  is  the  result  of  decomposition  of  light  by  refrac- 
tion in  drops  of  water.  It  is  only  visible  when  the  sun  is  shin- 
ing. It,  therefore,  appears  when  it  emerges  from  the  clouds 
wVrile  it  is  still  raining  in  the  vicinity,  or  when  sunlight  falls 
upon  spray  produced  by  waterfalls,  fountains,  or  mists. 

Sometimes  more  than  one  bow  is  seen ;  in  all  cases  a  line 
joining  the  observer  and  the  sun  is  the  axis  of  the  bow  or  bows. 
The  track  of  the  rays  of  li^ht  in 
drops  of  water  in  the  formation  of  Fl°-  222- 

a  primary  bow  is  shown  in  Fig. 
222.  The  solar  ray  S  I  falling  on 
»  drop  of  water  at  I  is  refracted  to 
A,  there  it  undergoes  total  reflec- 
tion, passes  to  I',  where  it  is  again 
refracted,  and  emerges  in  the  direc- 
tion F  M.  In  this  case  it  is  sub- 
mitted to  two  refractions,  and  one 
reflection ;  in  the  secondary  bow, 
J*   i&  refracted  twice,  and  reflected 


Primary  bow. 


606.  Newton's  Theory  of  Composi- 
of  White  Light. — Having  broken 
j^P  white  light  into  a  number  of  different  colored  rays  by  aid  of 
^^  prism,  ITewton  promulgated  his  theory  of  the  composition 
°*  White  light,  briefly  stated  as  follows.  White  light  is  made 
aP  of  seven  colors  of  unequal  refrangibility,  these  are  called  si/tt- 
P^  or  primitive  lights.  The  variation  in  their  refrangibility  is  the 
^^Be  of  their  separation  in  traversing  a  prism. 

In  chemistry  the  composition  of  a  body  is  demonstrated  in 
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two  ways:  1st,  by  analysis:  2d,  by  synthesis.  In  analysis  the 
constituents  of  the  body  are  found  by  separating  them  from 
each  other,  or  decomposing  the  body.  By  an  electric  current 
water  is  separated  into  oxygen  and  hydrogen,  and  we  say  we 
have  demonstrated  its  composition  by  analysis,  derived  from  two 
Greek  words  signifying  to  loosen  or  separate  from  one  another. 
Having  proved  the  existence  of  these  two  constituents  in  water, 
and  the  proportions  in  which  they  are  present  by  analysis,  we 
take  the  two  substances,  oxygen  and  hvdrogeu,  in  the  propor- 
tions found,  and  by  applying  a  spark  determine  whether  they 
will  unite  without  any  remainder  of  either  body.  Actually  per- 
forming the  experiment,  we  find  they  do,  water  being  the  result. 
Hence  the  composition  of  water  having  been  determined  by 
uniting  its  constituents  in  proper  portions,  we  state  that  we  have 
proved  its  composition  by  synthesis,  also  derived  from  the  Greek 
and  signifying  a  putting  together  of  constituents. 

In  decomposition  of  white  light  by  a  prism,  Newton  showed 
its  character  by  analysis.  If,  by  a  process  of  synthesis,  it  should 
again  be  proved  to  be  compound,  its  true  nature  is  demonstrated 
beyond  doubt. 

607.  Recomposition  of  White  Light. — 1st.  Let  a  ray  of  light  S 
be  received  upon  a  prism  placed  edge  downwards,  as  in  Fig. 
223,  and  adjusted  to  produce  a  spectrum.    The  usual  phenomena 
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of  deviation  and  dispersion  will  appear  upon  a  screen  properly 
placed.  Then  receive  the  rays  from  the  first  upon  a  second 
prism,  arranged  close  thereto,  with  edge  turned  in  the  opposite 
direction  or  upwards,  as  in  Fig.  223.  The  spectrum  formed  by 
the  first  at  once  disappears,  and  in  its  place  a  spot  of  white  light 
is  formed  upon  the  screen  in  the  direction  E,  parallel  to  the 
course  of  the  ray  iucident  on  the  first  prism.  The  second, 
acting  in  an  opposite  sense  to  the  first,  has  recompouiulcd  white 
light  out  of  the  seven  prismatic  colors.  Its  compound  nature  is 
thus  demonstrated  by  synthesis,  as  well  as  by  analysis. 

2d.  If  a  convex  lens  is  placed  to  receive  the  whole  of  the 
spectrum  formed  by  a  prism,  the  different  colored  rays  are 
superimposed  at  its  locus,  and  white  light  produced. 

3d.  If  a  concave  mirror  is  arranged  to  receive  all  parts  of  a 
spectrum,  white  light  is  formed  at  its  focus. 
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4th.  If  seven  plane  mirrors  are  adjusted  to  receive  the  seven 
colors  of  the  spectrum,  and  their  angles  arranged  to  reflect  all 
the  colored  rays  to  the  same  spot,  white  light  is  the  product. 

5th.  If  powders  representing  the  seven  spectrum  colors  are 
ground  together  in  a  mortar,  a  grayish-white  mixture  is  ob- 
tained. The  resultant  color  is  not  as  perfect  as  in  the  preceding, 
since  the  colors  of  powders  are  not  as  pure  as  those  of  the 
spectrum. 

6th.  By  the  device  of  Newton's  disk,  another  demonstration 
of  the  recomposition  of  white  light  is  obtained.  It  consists  of  a 
circular  card,  to  which  rapid  rotation  may  be  imparted  by  suit- 
able mechanism  (519].  Upon  its  face  the  seven  spectrum  colors 
are  painted,  each  color  occupying  a  space  extending  from  the 
centre  to  the  circumference.  When  rapid  rotation  is  given,  the 
colors  disappear,  and  it  seems  to  be  of  a  uniform  light-gray  tint. 
The  rotation  causes  the  impressions  of  the  colors  to  overlap 
each  other  on  the  retina,  and  their  actions  are  combined,  as  witn 
the  powders,  and  the  effect  of  white  light  produced. 

7tn.  By  imparting  a  rapid  oscillatory  movement  to  the  prism, 
the  colors  of  its  spectrum  overlap,  ana  reproduce  white  light  in 
the  central  parts  of  the  spectral  image. 

608.  The  Achromatic  Prism. — In  the  first  experiment  showing 
composition  of  white  light  by  synthesis,  the  second  prism  was 
similar  in  all  respects  to  the  first,  both  as  regards  material  and 
angles.  Under  these  conditions  the  course  of  the  ray  as  it 
emerges  from  the  second  is  parallel  to  that  of  the  incident  ray 
on  the  first.  The  two  taken  together  have  acted  like  a  single 
block  of  glass  in  which  the  surfaces  are  parallel,  and  there  is  no 
refraction  other  than  that  caused  by  a  medium  with  parallel  faces. 
If  in  place  of  prisms  of  the  same,  those  of  different  materials 
*re  employed,  in  which  the  indices  of  refraction  and  dispersive 
Powers  are  unlike,  we  may  by  a  suitable  adjustment  of  angles 
Produce  one  which  will  refract  a  beam  of  light  to  a  considerable 
e*tent,  and  at  the  same  time  give  a  colorless 
£r  achromatic  image.    Crown  and  flint  glass  Fig.  224. 

faroigh  media  having  these  properties  (502).  A  A 

.  In  Fig.  224,  let  B  C  F  represent  the  sec- 
^on  of  a  crown-glass  prism,  and  CDF 
Another  of  the  same  material.  The  two 
acting  together  would  have  the  effect  of 
0l|fc,  A  B  F,  and  the  emergent  beam  would 
*now  refraction  and  dispersion,  and  form  A< hematic  pn«n. 

*  Hjectrum. 

Then,  suppose  the  second  prism,  C  D  F,  is  made  of  flint  instead 
of  crown  glass.  The  dispersion  of  the  first  is  now  neutralized, 
*hile  its  refraction  is  but  slightly  altered.     The  emergent  ray 


E  0  passes  out  of  the  second  still  retracted,  but  without  disper- 
sion, and  gives  upon  the  screen  a  white  spot  or  image  of  the 
sun.     To  such  apparatus  the  name  of  achromatic  prism  is  given. 

509.    Heat  in  Prismatic    Spectrum. — Let  the  central   portion, 
V  I  B  G  Y  0  R,  Fig.  225,  represent  the  colors  of  a  solar  spec- 
trum formed   by  a  prism.     Herschel  discovered 
Fig.  225.         that   if  it  fell  upon    blackened  paper  moistened 
with   water,  the  surface    it  covered  dried    more 
rapidly  than  the  surrounding  parts,  and  thus  nn 
image  of  the  spectrum  was  produced.     Close  in- 
spection showed,  in  addition,  that  drying  began  in 
iKx"     the  lower  part  of  the  red,  and  spread  gradually 
J        upwards  to  the  violet.     At  the  same  time  it  did 
not  stop  in  the  red,  but  extended  to  a  consider- 
able distance  below. 

From  this  it  is  evident:  1st,  that  the  prismatic 
spectrum  contains  heat  as  well  as  light;  2d,  that 
the  heat  spectrum  extends  far  below  the  visible 
or  light  spectrum;  and,  3d,  that  the  heat  or  caloric 
rays  in  sunlight  are  less  refrangible  than  luminous 
rays. 

ilCHT  * 
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310.  Chemical  Action  in  Prismatic  Spectrum. — For 
blackened  paper,  substitute  a  surface  coated  with 
chloride,  or  other  compound  of  silver  sensitive  to 
light.  Shield  it  from  light,  except  that  part  upon 
wliich  the  spectrum  falls.  The  portion  occupied 
by  the  violet  will  soon  darken,  and  the  sombre 
hue  will  gradually  extend  through  the  indigo  and 
io  blue;  at  the  same  time  it  will  pans  beyond  the  vi<>- 
Pri«n.ii,.i-:iriMn  let  into  the  region  indicated  as  chemical, Fig.  225. 
It  is,  therefore,  evident:  1st.  That  the  prismatic 
spectrum  contains  rays  capable  of  producing  chemical  action,  as 
well  as  heat  and  light;  2d.  As  with  heat  rays,  the  dtonfed  ,.v 
actinic  extend  beyond  the  luminous,  in  the  regiou  of  the  violet. 
The  distance  beyond  the  violet  to  which  they  may  be  detected 
is  greater  than  that  of  the  heat  rays  which  extend  beyond  the 
rod;    3d.  Chemical  are  more  refrangible  than  light  rays. 

The  statements  made  regarding  the  position  of  the  stain  or 
darkening  by  chemical  action,  must  be  understood  as  being  the 
effect  of  the  spectrum  upou  sensitive  silver  compounds.  Other 
bodies  which  undergo  change  under  the  action  ot  light  are  more 
teadilv  ati'ected  in  other  regions  of  the  spectrum. 

511.  Maxima  of  Energies  in  Prismatic  Spectrum. — If  fine  writing 
is  placed  in  the  spectrum,  it  can  be  read  with  greater  facility 
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and  distinctness  in  the  yellow  than  in  any  other  region.  We, 
therefore,  conclude,  that  for  the  eye  yellow  has  a  greater  in- 
tensity of  action  than  other  colors,  and  the  maximum  strength 
of  the  light  energy  of  a  spectrum  is  in  the  yellow. 

For  the  heat  energy  of  the  prismatic  spectrum  there  is  like- 
wise a  position  of  maximum  action.  This  is  in  the  lower  part 
of  the  red,  or  just  below  it,  as  is  shown  by  Herschel's  experi- 
ment, or  by  direct  measurement  with  a  thermo-electric  apparatus. 

Chemical  energy,  in  like  manner,  gives  a  position  of  maximum 
intensity,  which  for  silver  salts  is  in  the  violet.  The  place  of 
the  chemical  maximum  varies  in  different  compounds.  As 
silver  salts  are  usually  employed  in  photographic  operations 
there  is  a  practical  reason  why  it  is  given  for  these  substances. 

512.  Light,  Heat,  and  Chemical  Action  are  Modes  of  Vibration. — 

In  discussing  theories  of  light,  it  is  obvious  that  modern  physi- 
cists believe  it  is  a  form  of  energy,  which,  originating  in  vibra- 
tions of  molecules  of  a  luminous  body,  is  transmitted  to  us  as 
undulations  in  the  ether.  Since  the  spectrum  also  presents 
caloric,  and  heat  energy,  which  accompany  light  in  its  trans- 
mission, reflection,  retraction,  and  differ  from  it  chiefly  as  re- 
gards the  degree  in  which  they  act  towards  media  in  these 
respects,  we  conclude,  that  as  light  originates  in  vibrations  of 
molecules,  so  also  do  heat  and  chemical  energy. 
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M.3.  Monochromatic  Light — Flames   like   sunlight  present  a 

^°ttibination  of  colors,  as  shown  on  examination  with  a  prism. 

U  occasionally  happens  that  a  physical  or  physiological  research 

*^nires  a  simple  light  of  special  tint.     Where  convenient,  it 

^fcy  be  obtained  by  a  prism,  the  required  color  being  passed 

trough  an  opening  in  a  screen,  as  in  (501). 
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It  may  also  be  prepared  by  the  use  of  monochromatic  flamed 
or  by  passing  white  light  through  colored  glass,  or  through  trao* 
parent  cells  filled  with  certain  solutions. 

For  many  purposes  a  yellow  light  is  necessary.     This  may  t^ 
formed  by  placing  a  platinum  loop  armed  with  carbonate  & 
other  compound  of  sodium  in  a  Bunsen  flame,  which  gives 
pure  bright  yellow  light. 

A  blue  light,  such  as  that  required  in  microscope  photography 
to  secure  coincidence  of  visual  and  chemical  focus,  is  obtained 
by  the  use  of  a  glass  cell  with  parallel  sides  filled  with  a  solution: 
of  ammonio-sulphate  of  copper  made  by  adding  aqua  ammonia 
to  a  sulphate  of  copper  solution  until  the  blue  precipitate  is 
dissolved. 

A  nearly  pure  red  may  be  formed  by  filling  the  cell  with 
solution  of  sulpho-evanide  of  iron.  A  good  red  is  also  prepared 
by  staining  glass  with  suboxide  of  copper.  For  some  purposes 
a  red  flame  is  produced  by  introducing  a  platinum  wire  armed 
with  chloride  of  strontium  into  a  Bunsen  flame. 

514.  Color  of  Opaque  Bodies.  Pigments. — When  a  spectrum  ie 
caused  to  fall  upon  variously  colored  bodies,  they  only  appear 
of  their  true  tint  when  placed  in  the  same  color.  In  the  other 
parts  they  are  dark  or  black.  The  reason  of  this  is,  that  the)1 
only  reflect  the  color  which  is  of  their  natural  tint,  all  othen 
being  absorbed.  The  proper  material  for  a  screen  is,  therefore, 
white,  which  reflects  all  colors. 

Monochromatic  flames  or  other  similar  lights  produce  like 
results.  By  the  light  of  the  sodium  flame,  the  human  coun- 
tenance takes  on  a  ghastly  appearance,  only  the  yellow  being 
reflected,  while  the  red  tints  are  lost  or  suppressed  and  appear 
dark. 

The  experiment  detailed,  in  which  a  substance  of  a  given 
color  reflects  spectrum  light  of  its  own  tint  succeeds  only  in 
white  light.  Take  blue,  for  example:  when  white  light  falli 
upon  a  surface  which  appears  blue,  though  the  seven  primitive 
colors  are  present  in  the  incident  light,  the  blue  alone  is  re- 
flected, and  the  body  appears  of  the  tint  of  the  light  it  reflects. 
All  the  rest  are  absorbed,  and  converted  into  some  other  form 
of  energy,  or  they  may  be  transmitted. 

The  color  of  pigments  and  other  opaque  substances,  therefore, 
arises  from  the  surface  decomposition  of  white  light  by  refleo 
tion,  sometimes  one,  but  more  frequently  a  greater  number  ol 
colors  are  thrown  back,  and  thus  the  various  grades  are  pro- 
duced. The  character  and  composition  of  the  reflected  light 
may  be  determined  by  examination  with  a  prism. 

515.  Iridescence. — In  this  there  is  a  play  of  various  colors  ol 
brilliant  hues.     Green,  blue,  and  red  tints  rivalling  those  of  the 
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solar  spectrum  in  splendor,  are  associated  with  many  natural 
objects ;  as,  for  example,  the  feathers  of  numerous  species  of 
tropical  birds.  Often,  as  in  the  humming  bird,  these  undergo 
change  with  slight  alteration  in  the  angle  of  incidence  of  the 
light  The  same  is  also  seen  in  the  nacreous  or  pearly  matter 
lining  certain  shells,  as  the  earshell  or  haliotis.  These  colors 
are  produced  by  decomposition  of  light  by  ruled  surfaces. 

In  other  instances,  iridescence  is  developed  by  thin  films,  the 
surfaces  of  which  are  in  close  approximation  to  each  other.  An 
example  of  this  is  found  in  very  thin  mica,  also  in  soap  bubbles, 
or  where  oil  is  diffused  over  water.  Here  again  light  undergoes 
what  might  be  called  a  spectrum  decomposition  or  dispersion^ 
like  that  in  ruled  surfaces ;  different  colors  appearing  according 
as  the  angle  of  incidence  upon  the  film  is  changed. 

Iridescence  is  seen  even  in  the  absence  of  tenuous  films  of 
•olid  or  liquid  matter,  like  glass  blown  exceedingly  thin,  or 
*  soap  bubble  expanded  to  the  point  of  bursting.     In  cracks 
or  crevices  in  the  interior  of  glass  and  other  transparent  bodies, 
the    most  brilliant   colors  often   appear.     In  many  such   cases 
there  is  no  air  present.     The  decomposition   of  light,  there- 
fore, takes  place  in  vacuo,  between  the  walls  of  tne  fissure. 
Newton  made  a  special  examination  of  these  phenomena,  in 
connection  with  the  formation  of  rings  between   convex  and 
P^allel  surfaces,  which  we  shall  study  later  on  in  connection 
*itfci  interference,  when  it  will  be  seen  how  strongly  all  the 
fc^t^  connected  with  iridescence,  and  the  production  of  color  by 
Polarization,  support  the  undulatory  or  wave  theory  of  light. 

£516.  Color  of  Transparent  Bodies. — The  color  ot  a  transparent 

j°*i^y  is  owing  to  the   decomposition  of   light   by  absorption 

"u*'*mng  its  transmission.     Nothing  new  is  added  to  the  light, 

00 1 ,3?  certain  of  the  colored  components  of  white  light  are  stopped 

£*J^-     According  to  their  thickness   the  tints   of  transparent 

~^<1  ies  vary.     Solution  of  chromium  chloride  appears  green  in 

*™  *"*  layers,  and  reddish-brown  when  thick.    In  this,  and  similar 

J*&^58,  different  colors  are  removed  by  selective  absorption,  the 

JlffV^t  passed  being  the  sum  of  the   remaining   rave  of  white 


^^Then  glasses  of  different  tints  are  placed  behind  each  other, 
*h^  color  finally  transmitted  consists  of  the  combination  of 
*"*^*^e  which  pass  both  glasses  freely.  The  final  color  is  not  the 
su*~*"i  of  those  of  the  glasses,  but  what  remains  when  these  are 


B!J  ^^tracted  from  white  light.     The  transmitted  tint  is  generally 
t"^*-*  occupying  a  space  in  the  spectrum  between  the  others.    So, 


rj  — r» 1 —        —  ~ 1 —        — •      -ww, 

-^^  yellow  and  blue  are  used,  green  is  passed.     A  combination 
°*     **ed  glass  made  with  oxide  of  copper,  and  blue  or  violet  glass 
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of  equal  depth  of  tiut  forms  a  medium  which  is  almost  black 
or  opaque. 

When  substances  are  colored  by  transmitted  light,  the  re- 
maining rays  of  the  spectrum  are  not  always  absorbed,  some- 
times they  are  reflected  from  the  first  surface,  or  scattered  in 
the  interior.  An  alcoholic  solution  of  chlorophyle  appears  red 
by  reflected  light  or  when  viewed  sideways,  and  green  when  ex- 
amined by  transmission.  These  are  called  dichroic.  Very  thin 
gold-leaf  exhibits  similar  properties,  being  yellow  by  reflected, 
and  greenish-blue  by  transmitted  light. 

517.  Colors  of  Mixed  Powders. — In  his  "Physiological  Optics," 
"Helmholtz  says:.  In  colored  powders  each  particle  is  to  be  re- 

farded  as  a  minute  transparent  substance,  which  colors  light 
y  selective  absorption  ;  since,  when  we  examine  thin  slices  of 
the  substance  of  which  they  are  formed,  they  are  seen  to  be 
transparent.  For  example,  verdigris  and  cobalt  glass.  The 
light  reflected  from  the  absolute  surface  is  often  nearly  white, 
but  the  deeper  the  layer  from  which  reflection  takes  place  the 
darker  is  the  tint;  hence  coarse  powders  of  a  given  material  are 
of  a  deeper  tint  than  those  which  are  very  fine. 

Reflection  from  the  surfaces  of  particles  is  weakened  if  they 
are  covered  with  a  fluid  having  an  index  of  refraction  near  their 
own  instead  of  air.  A  layer  of  water,  and  still  more  one  of 
highly  refracting  oil,  deepens  the  color. 

Since  light  reflected  by  powders  consists  of  that  from  their 
surfaces,  and  from  different  depths,  it  follows,  that  in  mixtures 
of  powders  the  final  tint,  as  in  superposed  glass  plates,  repre- 
sents the  colors  of  white  light  which  have  not  been  removed  by- 
absorption.  A  mixture  of  two  pigments  is,  therefore,  darker 
than  would  be  expected.  Vermilion  and  ultramarine  lights,  if 
mixed,  produce  a  purple;  but  a  combination  of  colored  powders 
of  these  substances  produces  a  dark  gray,  with  scarcely  any 
purple,  since  each  of  these  pigments  is  almost  opaque  to  the  light 
reflected  by  the  other. 

518.  Mixtures  of  Colored  Lights. — By  this  we  mean  the  im- 
pressions caused  where  two  kinds  of  light  having  different  rates 
of  vibration  fall  upon  the  same  part  of  the  retina  at  the  same 
time. 

In  the  case  of  sound  vibrations  the  quality  of  tone  as  it 
affects  the  ear  differs  with  each  change  in  its  formation.  A 
given  quality  can  only  be  produced  by  one  set  of  fixed  ■ 
tions.  In  the  case  of  colors,  on  the  contrary,  each  as  it  appears 
to  our  eyes  can  be  formed  by  a  irreat  variety  of  combinations. 
Ordinary  white  light,  for  example,  is  composed  of  all  BeVM) 
colors  of  the  spectrum,  but  while  light,  not  distinguishable 
from  this  by  the  eye,  may  be  made  by  taking  any  elementarv 
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color,  from  the  extreme  red  to  the  yellowish-green,  and  com- 
bining it  in  proper  proportion  with  another  color  on  the  opposite 
side  of  the  green.  Though  the  eye  cannot  detect  the  difference, 
it  ib  discovered  at  once  on  analysis  with  a  prism. 

SIS.  Method*  of  Mixing  Colored  Lights. — Of  these  a  number 
are  given  in  Deschanel's and  other  works  on  physics.  Our  space 
only  permits  a  brief  description  of  the  more  convenient,  which 
are  applied  to  other  purposes. 


The  first  is  known  as  the  method  by  Newton's  rotating  disk, 
*'g.  226.  It  is  provided  with  a  series  of  paper  disks,  the  sur- 
ges divided  into  sectors.  On  one  of  these  the  sectors  are 
painted  with  the  seveu  colors  of  the  spectrum,  as  described 
111  (507,  8th),  On  the  other  disks  they  are  made  of  such  size 
*nd  colors  as  the  purposes  of  the  experimenter  require.  The 
manner  of  use  and  mode  of  action  have  been  described  in 
(W7,  6th). 
A  second   method  is  represented   Fig.  227.     One  colored 

object,  say  a  blue  wafer,  is  placed  at  b,  and  another,  a  green 

wafer,  at  g.   A  sheet  of  clear  glass  with 

Parallel  faces  is  then  held  in  the  posi-  j,-,u  227. 

n°n  P,  so  the  eye  at  0  sees  b  by  trans- 

"Marioo  of  its  light  through  the  glass, 

*od  g  by   reflection   therefrom.     The 

impressions  produced  by  the  two  colors 

'« thus  mingled  upon  the  retina,  and  ,.  ,. 

"W  desired  result  obtained.  — *^- J^L_ 

Another  method  is  by  forcing  two  or 


\ 
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more  spectra  to  overlap,  the  results  obtained  under  these 
cumstances  are  the  sums  of  the  overlapping  spectra.    W\*^_& 
these  are  projected  upon  a  screen,  beautiful  combinations  < 

color  may  be  obtained. 

520.  Complementary  Colors  are  those  pairs  of  tints  which  gi 
white  light  when  mingled  together.  According  to  Deschan 
they  are : 

Red  complementary  to  Bluish-^reen. 

Orange  "  "       "  Skvblue. 

Yellow  "  "       "  Violet-blue. 

Greenish-yellow        «•  "       "  Violet. 

Green  "  "       "  Pink. 

In  the  case  of  spectrum  colors,  the  list  as  given  by  Ganot  i   «»: 

Red  complementary  to  Greenish-vellow. 

Orange  u  "  "    "  Prussian-tlue. 

Yellow  "  "       "  Indigo-blue. 

Greenish-vellow        "  "       ••  Violet. 

521.  The  Primary  Color  Sensations. — Though  seven  or  mo« 
colors  may  be  regarded  as  primary  for  purposes  of  physical 
investigation,  they  cannot  all  be  considered  as  primary  sawtio*** 
of  color.  According  to  Brewster  there  are  three  primary  color 
sensations — red,  yellow,  and  blue.  According  to  \  oung,  Helm- 
holtz,  and  most  modern  physicists,  they  are  red,  green,  and 
violet.     These  are  called  fundamental  colors. 

Recent  investigations  by  Hering,  made  upon  a  physiologic*' 
basis,  tend  to  a  different  result.  He  concludes  that  there  ar* 
four  primary  color  sensations  essentially  distinct  from  each 
other,  viz.,  red,  yellow,  green,  and  blue.  These  are  moreover 
reducible  to  two  complementary  pairs:  1st,  red  and  green;  2<J* 
yellow  and  blue.  Hering  also  believes  that  "complementary 
colors  are  the  result  of  opposite  actions  upon  the  retina,  soth»* 
there  are  only  two  essentially  distinct  color-affections  of  th»* 
organ,  which,  with  their  opposites,  produce  the  two  P^ii*^! 
complementary  colors ;  the  one  with  its  opposite  produces  **** 
and  green  ;  the  other  with  its  opposite,  yellow  and  blue. 

522.  Accidental  Color  Images. — After  looking  steadily  for  *&V!*e 
time  at  a  bright  color,  if  we  turn  the  line  of  vision  to  a  wli**  _ 
wall,  an  image  of  the  colored  object  appears  in  its  comp*^" 
meutary  color.  This  is  explained  upon  the  hypothesis  that  ***r 
nerves  which  have  been  strongly  impressed  by  the  bright  <**^fj 
have  so  lost  their  sensibility,  that  the  balance  of  action  requir^r 
to  cause  the  sensation  of  white  is  lost,  and  those  factors  whi^** 
Slave  not  been  exhausted  are  more  strongly  impressed.  Stf*^ 
•nbjoctivc  results  are  known  as  negative  accidental  images. 
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Certain  curious  effects  of  contrast  may  be  explained  in  a 
similar  manner.  If  white  paper  is  viewed  upon  a  background 
of  strong  color,  instead  of  white  it  often  appears  of  a  color  com- 
plementary to  the  background.  So  also  beams  of  sunshine 
Eassing  into  a  room  through  yellowish  blinds,  produce  blue 
ands  when  they  fall  upon  a  white  surface  as  a  tablecloth. 
Sometimes  when  a  painfully  bright  object  is  regarded  in- 
tensely, a  positive  accidental  image  is  produced,  which  after  a 
little  is  followed  by  a  negative  or  complementary  image.  These 
may  be  regarded  as  extreme  instances  of  persistence  of  im- 
pression. 

523.  Color-blindness  consists  in  the  want  of  the  elementary 
sensation  representing  red.  Persons  thus  affected  see  the  solar 
spectrum  as  two  strong  colors  connected  by  a  white  or  gray 
band  near  the  Fraunhofer  line  F.  One  of  these  colors  is  prob- 
ably blue.  Its  maximum  is  midway  between  the  lines  F  and  G, 
and  it  reaches  beyond  G  to  the  limit  of  the  visible  spectrum. 
The  other  color  extends  into  the  red  part  of  the  spectrum,  the 
maximum  being  midway  between  the  lines  D  and  E,  and  van- 
ishes where  crimson  appears  to  the  normal  eye.  The  scarlet 
probably  appears  to  the  color-blind  as  a  deep  dark  green ;  orange 
and  yellow  as  a  brighter  shade  of  the  same  tint ;  and  bluish- 
green  is  nearly  white. 

From  a  consideration  of  these  facts  Deschanel  concludes  that 
*'  what  is  called  color-blindness  should  rather  be  called  dichroic 
vision,  normal  vision  being  distinctly  designated  as  tricbroic. 
To  the  dichroic  eye  any  color  can  be  matched  by  a  mixture  of 
yellow  and  blue,  and  a  match  can  be  made  between  any  three 
(instead  of  four)  given  colors.  Objects  which  have  the  same 
color  to  the  trichroic  eye  have  the  same  to  the  dichroic  eje." 

In  an  article  in  the  "Am.  Journal  of  Sciences  and  Arts,"  vol. 
*ui.  page  32,  Professor  Rood  says:  "Tait  has  described  an 
interesting  observation,  which  has  perhaps  some  bearing  on 
Thomas  Young's  theory  of  color.  While  suffering  from  indis- 
P°«ition,  he  noticed  each  time  on  awakening  from  a  feverish 
•kep,  that  the  flame  of  a  lamp  seen  through  a  ground-glass 
•hade,  assumed  a  deep-red  color,  the  effect  lasting  about  a 
8e°ond.  He  suggests  that  the  nerve  fibrils  in  the  retina  also 
Partook  of  sleep,  and  on  awakening  the  green  and  violet  nerves 
^Umed  their  function  somewhat  later  than  the  red.  I  have  in 
^y  own  case  noticed  some  instances  which  seem  to  point  out 
****t  after  a  nervous  shock,  sudden  or  prolonged,  the  green  nerves 
(adopting  the  theory  of  Young)  recover  their  activity  later  than 
the  re<ji  an(j  probably  later  than  the  violet  nerves.  The  first 
observation  was  made  twenty  years  ago,  while  recovering  from 


the  effectB  of  chloroform,  which  had  been  administered  by  a 
dentist  well  known  at  that  time  in  Munich.  Upon  regaining 
consciousness,  and  raising  my  eyes  to  the  face  of  the  operator,  I 
was  a  little  surprised  at  not  having  previously  remarked  his 
unusually  ruddy  complexion,  but  the  next  instant  saw  that  this 
was  due  to  an  optical  illusion,  for  his  hair  appeared  of  a  bright 
purplish-red  hue.  The  singular  appearance  lasted  perhaps  a 
couple  of  seconds,  when  his  hair  resumed  its  natural  color, 
which  was  white.  This  observation  corresponds  with  that  made 
by  Tait. 

"  I  give  now  an  instance  where  chronic  effects  of  a  similar 
character  were  noticed  by  me  for  a  couple  of  weeks  continuously, 
during  convalescence  from  typhoid  fever.  In  this  case  white 
objects  appeared  of  a  not  very  intense  orange-yellow  hue,  the 
general  effect  on  a  landscape  being  such  as  is  produced  by  the 
orange-yellow  rays  of  the  setting  sun.  Here  the  activity  of  the 
green  and  violet  nerves  was  diminished  relatively  to  that  of  the 
red.  The  auditory  nerve  was  also  evidently  affected  during  the 
same  period,  but  precisely  in  what  way  I  did  not  ascertain. 

"  It  is  a  matter  of  yearly  observation  with  me,  that  effects, 
similar  in  kind  with  those  first  noticed,  are  produced  by  pro- 
longed exposure  to  bright  white  light  out  of  doors.  Under  such 
circumstances  white  objects  no  longer  appear  pure  white,  but 
are  tinted  plainly  purplish-red,  and  rather  dull  greens  assume  a 
gray  hue,  as  though  all  the  green  in  them  had  been  neutralized, 
while  strong  greens  are  considerably  reduced  in  intensity  (satu- 
ration). Upon  leaving  the  blinding  glare  and  entering  a  dark- 
ened room,  it  often  for  several  seconds  appears  filled  with  a 
greenish  haze. 

"Two  of  these  cases,  and  probably  that  of  Tait,  point  out  that 
our  apparatus  for  the  reception  of  waves  of  light  of  medium 
length,  is  more  liable  to  be  over-Btrained  by  nervous  shocks  or 
by  prolonged  excitation,  than  is  the  case  with  those  designed 
for  the  reception  of  waves  of  greater  or  less  leugth.  Nervous 
derangement  and  prolonged  excitation  are  then  causes  which 
may  produce  temporary  green  color-blindness." 

Since  the  use  of  red  lights  for  signalling,  either  by  lanterns  or 
rockets,  is  almost  universal,  the  substitution  of  Borne  other 
device,  as  variable  forms  in  place  of  different  colore,  is  very 
desirable.  Accidents  which  now  occur  from  color-blindness  of 
railway  engineers  and  pilots  would  be  less  frequent,  aud  com- 
munities could  still  enjoy  the  services  of  men  thus  affected 
without  taking  serious  risks. 

924.  Color  and  Musical  Fitch. — The  existeuce  of  variation  in 
rate  of  vibrations  as  the  cause  of  difference  in  color,  has  led  to 


the  attempt  to  establish  an  analogy  between  colors  and  musical 
sounds,  the  seven  primary  colors  of  Newton  and  the  seven 
Botes  of  the  gamut  (411)  being  regarded  as  octaves  respectively 
"flight  and  sound.  The  resemblance  iB,  however,  a  forced  one, 
°Je  gradual  transitions  which  mark  the  spectrum  being  in  strong 
ttntNNt  to  the  step-like  advance  from  note  to  note  in  the  musical 

Uelmholtz,  moreover,  directs  attention  to  the  fact,  that  if  the 
'•Vender  rays  beyond  the  violet  were  included,  the  spectrum  has 
a"  extent  of  an  octave  and  a  fourth  instead  of  an  octave. 


CHAPTER    XXIII. 

I.KNSKS. 

f  lenses — Parte  of  spherical  l«ue« — Form*  of  ■phttim]  lenses — Action 
<  lenses  explained — Action  of  concave  lenses  explained — PrfJirip*] 

»n*l  conjugate  foci  of  convex  lens — Action  of  convex  lens  on  convergent  rajs 
— t*t term i notion  of  foci  of  lenses— Optical  centre.  Secondary  fixes — Images 
formed  by  convex  lenses — Images  formed  by  concave  lenses — Spherical  aber- 
■Wfcoa— Tbfl  coma — Chromatic  aberration— Aoh  rein  a  tic  lenses — AWrntiou  by 
cTvsture  of  tielii— Depth  of  focus— Stops  and  diaphragms. 

525.  Varieties  of  Lenses. — A  lens  may   be  defined  as  a  trans- 
parent substance,  which  according  to  the  curvatures  of  its  s 


ftu_. 
"hi, 


s  either  convergence  or  divergence  in  the  rays  of  light 

'icfc  iraverse  it-     Though  any  transparent  medium  may  he 

eJ  ^.^   in  their  construction,  they  are,  in  practice,  made  almost 

1*j     'r«ly  from  crown  or  flint  glass,  or  a  combination  of  both. 

/L-^     ^W"  are,  therefore,  spoken   of  as  crown,  flint,  or  compound 

°i&L*^s-     The  other  substances  which  are  occasionally  used  in 

-Ze^-T^ing  them  for  special  purposes  are  quartz  or  rock-crystal, 

'*/«  j.j'^Dfl  spar,  and  rock-salt.     A  few  have  been  made  of  diamonds 

^«-     other  gems. 
sp  jT^^  regards  their  form,  those  employed  in  optics  usually  have 
ar^  ^*~ical  curvatures,  but  elliptical,  parabolic,  and  cylindrical 
~~     i*lso  employed. 


Parts   of  Spherical  Lenses.  —  In   spherical   tenses  one  or 
surfaces  are  parts  of  the  surface  of  a  sphere.     Fig.  228 


illustrates  the  section  of  such  a 
lenB  made  through  its  centre.  The 
term  spherical  has  no  reference  to 
the  circumference  of  the  leus  by 
which  it  is  fitted  into  the  bra 
tRr  other  tube,  but  solely  to  the  curva- 
tures represented  in  section  by 
DXD'andDX'D'. 

The  line  RX',  by  which  the 
curve  BX'D'  is  described,  is  its 
radius  of  curvature,  and  the  point 
on  which  the  radius  revolves  is 
the  centre  of  curvature;  on  the  op- 
posite side  the  centre  of  curvature  for  DX  D'  is  found. 

A  line  connecting  the  two  centres,  and  piercing  the  lens  at 
X  X',  is  the  principal  axis  of  the  lens.  Where  one  surface  is 
plane,  the  principal  axis  is  the  line  let  fall  from  the  centre  of 
curvature  of  the  spherical  face  perpendicularly  upon  the  plane 
face. 

The  line  D  D',  drawn  from  one  point  of  the  circumference  to 
that  exactly  opposite  is  called  the  diameter.  The  axis  and 
diumeter  arc  perpendicular  to  each  other. 

The  aperture  of  a  lens  is  the  angle  between  lines  connecting 
the  extremities  of  a  diameter  with  the  principal  focus. 

527.  Forms  of  Spherical  Lenses. — There  are  six  forms  of  spheri- 
cal lens  produced  by  plane  and  curved  surfaces,  as  represented 
in  Fig.  229.     Of  these,  Nos.  1,  2,  and  3  are  thicker  in  the  axis. 


All  such  lenses  exercise  a  convergent  action  upon  rays  of  1 
which  pass  through  them.  4,  5,  and  6,  on  the  contrary, 
thinner  at  the  axis,  and  produce  divergence. 

In  the  convergent  series,  1  has  both  surfaces  curved  outwai 
it  is,  therefore,  called  a  double  convex.     2  has  one  surface  plan, 


and  tbe  other  convex;  is  known  as  plano-convex,  3  has  one  sur- 
face concave,  the  other  convex;  and  is  termed  a  converging  con- 
cnvo-convex.  In  the  divergent  series,  4  is  a  double  concave;  5,  a 
?hnii  milliHllili.  and  6,  a  divergent  convexo-concave. 

Where  one  surface  of  a  lens  ie  convex  or  bulging,  and  the 
other  concave  or  hollow,  as  in  Nos.  3  and  6,  it  is  called  a 
meniscus.  So  3  is  a  converging  meniscus,  and  t>  a  diverging  meniscut. 
Where  the  two  curvatures  are  parallel,  and  little  or  no  true  lena 
action  is  exerted,  the  term  simple  meniscus  is  applied. 

628.  Action  of  Convex  Lenses  Explained. — It  was  stated  in  (498) 
that  a  ray  of  light  in  its  passage  through  a  prism  is  deviated, 
or  deflected  towards  its  base.  Upon  this  and  other  properties 
fiottessed   by  prisms,  all  the  actions  of  lenses  may  be  explained. 

In  tbe  discussion  of  this  subject  we  quote  from  Weinhold. 
"*  In  Fig.  230  let  B  represent  a  small  prism  of  glass  which  r 


"acta  a  ray  of  light  proceeding  from  A  in  such  a  manner  that 

"  Caches  the  point  C.    Tbe  prism  It,  having  a  smaller  refracting 

angle  than    B,  produces  less   deviation,  and  if  the  refracting 

"H'*i  be  suitably  adjusted  the  ray  A  D  may  also  be  refracted 

^'ftrds  C  ;  similarly,  if  the  prism  K  has  a  still  smaller  refracting 

f .  J^>'«, and  the  latter  is  properly  chosen,  the  ray  A  E  will  meet 

fg~^*    other  rays  also  at  C.     These  three  prisms  have  their  re- 

n-j    ^tiiigedgeB  directed  upwards;  three  corresponding  prisms, 

u-  j  7y*  their  retracting  edges  downwards,  viz,,  the  prisms  F  G  H 

r-^.^.'j    if  their  refracting  angles  have  the  required   magnitude, 

/-^  ^^***et  the  rays  from  A  also  towards  C,     Finally,  tbe  central 

It    ~"  t ,    between  tbe  prisms  passes  from  A  to  C  without  refraction. 

op        r-*llows  that,  with  a  suitable  arrangement  of  prisms,  a  number 

a*^-—  T^vs  which  diverge  from    A  may  be  brought  to  converge 

^*;V* »  at  apoi'it  C. 

nr       "It  will  be  easily  seen  that  tbe  series  of  prisms  need  not  be 

i^     ^t'tged  one  vertically  above  the  other.     The  figure  may  be 

raI>t»08ed  to  represent  a  section  through  a  series  of  prisms  ar- 

4ged  in  a  horizontal  line;  and,  in  fact,  whatever  the  arrange- 

'^^M.  of  the  series,  whether  horizontal  or  vertical,  or  inclined 

either  of  these  directions,  the  efi'ect  will  be  the  same:  the 
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rays  from  A  which  impinge  upon  the  prisma  will  be  refracted 
towards  a  point  C. 

"  It  follows  further,  since  the  deviation  of  a  ray  does  not 
depend  on  the  distance  of  the  refracting  surtaces  from  one 
another,  but  solely  upon  the  angle  between 
them,  that  a  mass  of  glass  of  the  shape  rep- 
resented in  B,  Fie.  231,  must  have  pre- 
cisely the  same  effect  as  the  combination  of 
separate  prisms  represented  at  A  in  the  same 
figure.  The  upper  and  lower  portions  of  B, 
<ta\  |       viz.,  a  and  g,  are  exactly  equal  to  the  prisms 

a  and  g\a  A;  6  and / in  B  have  their  refracting 
surfaces  further  apart  than  6  and/in  A,  but 
they  are  in  botli  cases  equally  inclined  to  one 
another,  heuce  they  produce  the  same  devia- 
ofivnvmi  tiou;  e  and  e  in  B  are  much  thicker  than  c  and 
lew.  e  in  A,  but  here  also  the  refracting  angles,  and 

consequently  the  deviation,  is  the  same.  The 
central  portion  d  in  B  has  parallel  faces,  and  a  ray  of  light 
passes  through  it  without  suffering  deviation  ;  it  is  the  same  as 
if  the  rays  were  passing  through  the  empty  space  d  in  the 
centre  ot  A." 

"  A  lens  of  glass,  such  as  C,  may  thus  be  considered  as  a 
combination  of  an  infinite  number  ol  prisms  called  its  elements, 
the  refracting  angles  of  any  consecutive  pair  of  which  difler 
infinitely  little  from  each  other,  and  such  a  lens  will  Berve  better 
for  collecting  rays  which  emanate  from  a  luminous  point,  and 
bringing  them  to  convergence  at  some  other  point,  than  a  series 
of  separate  prisms  whose  refracting  angles  differ  considerably." 
The  plano-convex  lens  H,  Fig.  "22U,  and  the  converging  meniscus 
3,  act  in  the  same  mauner.  For  all  three  forms  of  converging 
spherical  lens  the  point  of  crossing  of  the  rays  is  called  the 
focus.  As  with  a  concave  mirror,  it  is  a  real  focus,  and  will  pro- 
duce on  image  upon  a  screen. 

529.  Action  of  Concave  Lenses  Explained. — In  this,  as  in  the 
preceding  case,  the  principle  involved  is  that  of  the  power  uf 
prisms  to  deflect  rays  towards  their  base.  Conceive  that  in  Kig. 
230,  instead  of  having  the  bases  of  the  prisms  towards  rln- 
central  space,  their  edges  look  inwards,  it  is  then  evident  that 
the  rays  from  A  instead  of  being  converged  towards  C,  would 
be  forced  to  undergo  still  greater  divergence,  and  a  corubiniition 
having  a  divergent  action  would  result.  We  may,  therefore, 
conclude  that  a  concave  lens  is  made  up  of  an  infinite  number  of 
prisms,  the  sections  of  which  have  their  apiees  looking  towards 
the  centre,  or  axis  of  the  lens,  and  their  bases  towards  the  cir- 
cumference.    As  in  the  case  of  convex  lenses,  the  action  of  t 


other  forms  of  concave  lenses  is  explained  upon  the  same  prin- 
ciples as  for  the  double  concave. 

It  will  be  remarked  that  concave  lenses  act  in  a  similar 
manner  to  convex  mirrors,  causing  the  rays  which  have  fallen 
DCOD  them  to  diverge.  Like  their  companion  mirrors  they, 
therefore,  do  not  have  a  real  focus;  but  a  virtual  one  may  be 
found  by  prolonging  the  course  of  the  emergent  rays  backwards 
through  the  lens. 

530.  Principal  and  Conjugate  Foci  of  Convex  Lens. — The  prin- 
cipal focus  of  a  convex  lens  is  its  focus  for  incident  rays  L  B, 
wok-h  are  parallel  to  its  principal  axis  M  N.     All  such  rays  will 


1,1  '"merged  very  nearly  to  the  same  focus  F  upon  the  principal 
^J  M  F,  providing  the  arc  D  A  E  does  not  exceed  10°.  The 
BistHee  F  A  in  the  principal  focal  distance. 

In  all  ordinary  crown  glass  lenses  where  the  radii  of  curvature 
°'  tlie  two  faces  are  equal,  the  principal  focus,  and  the  centre  of 
Curvature  are  nearly  coincident.  When,  in  place  of  being 
•J***rallel  the  rays  falling  on  a  convex  lens  are  divergent,  or  pro- 
**e<]  from  a  luminous  point,  the  position  of  the  focus  and 
114  meter  of  the  emergent  pencil  will  vary  greatly.  As  with 
■  **cave  mirrors,  numerous  conditions  present  themselves. 
*&t.  When  the  luminous  point  is  at  the  focus  of  the  lens  the 

*  *  *-' rgi-nt  rays  will  be  parallel,  for  the  conditions  are  a  simple 
t^J^'ersal  of  those  in  Fig.  23:2,  in  which  parallel  rays  are  brought 

*  focus. 
p^    2<J.  Take  the  same  lens  and  represent  its  focus  for  parallel 
p^V>'s  by  the  dotted  lines  SBBF,  Fig.  233.    Then,  if  a  luminous 
^*      *t»t  L  is  placed  on  its  principal  axis  at  a  greater  distance  than 

*  principal  focal  distance  F',  the  divergent  pencil  from  L  will 
a^*  brought  to  a  focus  at  I,  beyond  the  principal  focus  F  on  the 
.^*V><J8ite  side.     In  like  manner,  a  luminous  point  at  I  will  be 

^^°ttght  to  a  focus  at  L.     Hence,  these  are  called  conjugate  foci, 
^*  With  concave  mirrors. 

3d.  When  a  luminous  point  I  is  at  double  the  focal  distance 

*  the  lens,  the  rays  are  brought  to  a  focus  at  an  equal  distance 
s*i>  i!k-  opposite  side,  and  the  object  and  its  image  are  of  equal 

^WneneionB. 


diverge,  and  cannot  form  a  true  focus.  In  tine,  hs  in  a  simitar 
condition  of  affairs  in  a  concave  mirror,  by  prolonging  the  rays 
K  II  and  M  G  along  the  dotted  lines  a  virtual  fonts  is  tbund  at  I 

531.  Action  of  Convex  Lens  on  Convergent  Rays. — In  Fig.  234, 

let  KHMG  represent  a  convergent  pencil  of  light  coming  from 
a  long  focus  lens  which  would  reach  a  foeiiB  at  I;  and  II  <J  u 
double  convex  lens  with  Fas  the  principal  focus  for  parallel 
rays  S.  When  the  convergent  pencil  H  I  M  I  is  caught  upon 
the  lens,  the  convergence  is  increased,  aud  the  rays  are  brought 
to  a  focus  at  L. 

By  combining  together  a  number  of  lenses,  and  increaeing  the 
convergence  of  the  pencil  of  light  step  by  step,  the  exceedingly 
short  focus  and  high  magnifying  power  used  in  microscopes  are 
obtained. 

532.  Determination  of  Foci  of  Lenses. — To  determine  the  prin- 
cipal  focus  of  any  convex  lens,  it  must  receive  the  sun's  r»yi 
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parallel  to  its  axis.  The  emergent  pencil  is  then  projected  upon 
a  piece  of  paper,  when  the  point  at  which  the  sun's  image  is 
smallest  and  sharpest  is  the  principal  focal  distance. 

When  direct  sunlight  is  not  available,  the  following  plan  may 
be  followed :  Place  the  lens  in  front  of  an  object,  and  project 
the  image  upon  a  screen.  Then  adjust  the  relative  positions  of 
the  screen  and  lens,  until  the  image  and  the  object  are  of  the 
same  size.  Measure  the  distance  from  the  object  to  the  screen, 
divide  it  by  four,  and  the  quotient  is  the  focal  distance  of  the 
lens  (530,  3d). 

For  a  double  concave  lens,  cover  the  face  with  lampblack, 
remove  this  at  two  small  spots,  which  should  be  in  the  same 
principal  section,  and  at  equal  distances  from  the  axis.  A  beam 
of  sunlight  is  then  received  on  the  opposite  face,  and  the  screen 
adjusted,  until  its  position  is  such  that  the  two  spots  of  light  on 
the  screen  are  twice  the  distance  from  each  other.  This  is  equal 
to  the  focal  distance. 

533.  Optical  Centre.     Secondary  Axes. — The  optical  centre  of 
every  lens  is  upon  its  principal  axis,  and  any  ray  passing  through 
this  point  does  not  undergo  angular  de- 
viation, since  the  track  ot  the  emergent  Flo-  285. 

ray  is  parallel  to  that  of  the  incident  ray. 
The  position  of  this  point  may  be  found 

as   follows:  Let  C  A  and  C  A'  be  two 

parallel  radii,  drawn  respectively  from  the 

centres  of  curvature  C  and  C     The  two 

plane  elements  (528)  at  A  A7  on  the  sur- 

«ce  of  the  lens  are  then  parallel,  since  0ptical  centn 

they  are  perpendicular  to  these  lines.   The 

**y  A  A7,  therefore,  passes  through  a  medium  with  parallel  faces, 

•tt^i  the  emergent  ray  is  consequently  parallel  to  the  incident 

*jF-     The  point  0  at  which  the  ray  A  A'  cuts  the  principal  axis 

°'  t\ie  lens  is  its  optical  centre. 

"X*he  optical  centre  of  double  concave  and  meniscus  lenses 
<***  be  found  by  the  same  method.  In  plano-concave  or  convex 
tect^ea  \i  \Q  the  point  where  the  axis  pierces  the  curved  surface. 

-^Wll  straight  lines  which  pass  through  the  optical  centre  of  a 
lei^i^  without  cutting  the  centre  of  curvature  are  secondary  axes. 

**£  the  secondary  axes  make  small  angles  with  the  principal 
a*^^,  they  may  be  considered  as  equivalent  thereto,  as  regards 
™  *hat  has  been  said  concerning  foci.  This  is  of  importance  in 
*k^    explanation  of  the  formation  of  images  by  lenses. 


Images  formed  by  Convex  Lenses  may  be  real  or  virtual, 
*H*<ie  the  image  of  an  object,  as  in  mirrors,  is  the  collection  of 
th^  foci  of  the  points  forming  it. 
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The  manner  of  formation  of  a  real  image  may  be  seen  fro 
an  examination  of  Fig.  236.  A  B  is  the  object,  placed  at  * 
greater  distance  than  the  principal  focus.  A  a  is  a  seconda «""3 
axis  passing  through  0  the  optical  centre.  A  C  is  a  ray  whic^* 
on  reaching  the  lens  is  refracted  first  at  C  and  then  at  D,  a 
cuts  the  secondary  axis  at  a.  All  other  rays  from  the  point 
will  also  meet  in  a  as  their  conjugate  focus.     A  secondary 


Fig.  236. 


Formation  of  image  by  convex  lens. 

drawn  from  B,  and  a  ray  therefrom,  will  in  like  manner  meet 
at  b.  All  points  of  A  h  will  thus  have  their  conjugate  foci 
between  a  and  b,  and  a  real  inverted  image  of  A  B  will  be  pro- 
duced at  a  b,  which  may  be  projected  upon  a  screen  or  aeeu 
directly  by  the  eye. 

If,  on  the  contrary,  a  b  is  the  object,  its  image  appears  at  A  B. 
From  these  facts  important  consequences  follow: 

1st.  A  large  object  at  a  great  distance  from  a  convex  lens  produces 
a  S7natl  real  inverted  image  a  little  beyond  the  principal  focus  of  the 
lens,  as  in  an  ordinary  photographic  camera. 

2d.  A  small  object  a  very  little  beyond  the  principal  focus  of  a 
convex  lens,  forms  a  large  real  inverted  image  at  a  considerable  rf*#- 
tance  beyond  the  principal  focus.  Illustrated  in  the  case  of  the  pro- 
jection lantern. 

8d.  In  the  first  case,  the  greater  the  distance  the  smaller  the  image. 
In  the  second,  the  nearer  the  object  to  the  focus  the  larger  the  image. 

Fig.  237. 


Virtu*!  imagv  br  convex  lrii«. 


It  remains  to  examine  the  case  where  the  object  is  placed 
between  a  convex  lens  and  its  principal  focus,  as  in  the  simple 
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microscope  or  magnifying  glass.     Under  these  circumstances 
only  virtual  images  are  formed.    In  the  figure  let  A  B  represent 
the  object.    Draw  a  secondary  axis  O  a  through  the  point  A. 
The  ray  A  C  emerges  at  D,  and  if  the  emergent  ray  O  be  pro- 
longed backwards  to  a,  it  cuts  the  secondary  axis  at  a,  which  is, 
therefore,  the  virtual  focus  of  A.     In  like  manner  B  finds  itfc 
virtual  focus  at  6,  and  all  points  between  A  and  B  have  foci  be- 
tween a  and  6.     The  eye  placed  in  the  position  indicated  sees 
the    image  of  A  B  at  a  b.     The  image,  moreover,  is  virtual, 
7,  and  larger  than  the  object 


Fio.  288. 


Virtual  image  by  concave  lent. 


fi35.  Images  Formed  by  Concave  Lenses. — Like  their  foci,  the 
images  by  a  concave  lens  are  always  virtual.     In  the  figure  A  B 
is  an  object  placed  in  front  of  a 
eon  cave  lens.    A  0  is  then  a  secon- 
dary  axis  to  A.    Rays,  as  A  C  and 
I  from  A,  are  twice  refracted, 
emerging  from  the  lens  in  the 
directions  D  Eand  G  H,  diverge 
from  the   secondary  axis   A  O. 
Prolonging  the  track  of  the  emer- 
gent ravs  D  E  and  G  H  back- 
wards they  cut  the  secondary  axis 
at  a,  where  a  virtual  image  of  the 
point  A  is  seen  by  the  eye  placed 
on  the  opposite  side  of  the  lens.    In  like  manner,  images  of  all  the 
points  of  A  B  appear  between  a  and  b.     Therefore,  a  b  becomes 
the  image  of  A  B.     It  is  virtual,  erect,  and  smaller  than  the  object 

536.  Spherical  Aberration. — In  discussing  the  question  of  the 

foci  of  lenses,   it  has   been   assumed   thus  far,   that  all   rays 

felling  upon  the  lens   meet  at  the 

8*rne  focal  point  on  the  opposite  side. 

This  is  practically  correct  while  the 

aperture  (526)  is  not  greater  than  10°. 

W'hen  it  exceeds  this,  as  in  Fig.  239, 

the   rays  r1  r'9  which   emerge  from 

the  central  parts,  L,  have  a  longer 

focal  distance,  (?,  than  those,  rry  which 

emerge  from  the  parts  near  the  edge, 

M  at  /  in  the  figure.     To  this  phe- 
nomenon the  name  of  spherical  aberra- 

t*°n  by  refraction  is  given,  and  the  intersections  of  the  refracted 

**£*  are  called  caustics  by  refraction. 

^y  Fig.  289,  it  is  also  evident  that  spherical  aberration  may 
***  examined  in  two  ways :  1st.  As  regards  the  distance  from  r, 
"**  focus  of  the  central  rays  to  f,  that  of  the  marginal.     This 
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Spherical  aberration. 
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is  called  longitudinal  sphmnil  tihtrmtiun.  2d.  The  rays  r'  r'  come 
to  their  focus  at  c,  while  r  r  reach  theirs  at/\  and  then  diverging 
form  an  aureola  around  the  image  produced  by  the  central  por- 
tions of  the  lens.  The  diameter  of  this  is  represented  by  a  b. 
To  it  the  name  of  lateral  spherical  aberration  is  given.  The 
position  of  least  aberration  is  between/'  and/. 

Longitudinal  aberration  increases  or  diminishes  as  the  square 
of  the  diameter  of  the  aperture,  and  inversely  as  its  focal 
length.  Lateral  is  proportional  to  the  cube  of  the  aperture,  and 
inversely  proportional  to  the  square  of  the  focal  length.  Or, 
double  the  diameter,  and  the  longitudinal  is  increased  four  times, 
and  the  lateral  eight  times.  The  diameter  remaining  the  same, 
and  the  foc-nl  length  being  doubled,  the  longitudinal  is  reduced  to 
one-half,  and  the  lateral  to  one-fourth. 

It  being  impossible  to  obtain  clear  or  sharp  definition  while 
Bpherical  aberration  exists,  various  methods  are  resorted  to 
for  its  correction. 

1st.  The  aperture  is  reduced  by  means  of  stops  (542).  Their 
action  is  to  cut  off  the  rays  from  the  circumference,  and  allow 
only  the  passage  of  a  central  pencil.  Thus  greater  sharpness  of 
definition  is  gained,  but  at  serious  cost  in  the  brightness  of 
illumination.  At  the  best  this  plan  is  only  partial,  never  com- 
plete in  its  action. 

2d.  By  constructing  the  lens  with  faces  of  different  radii  of 
curvature — A  C  B,  A  D  B.     The  extent  and  character  of  this 
variation  depends  upon  the  distance  of  the  object.    If 
°'     the  radiating  point  is  at  infinity,  the  most  convex  sur- 
face should  he  turned  towards  it,  and  for  crown  glass 
the  radii  of  curvature  should  be  as  1 :  6. 

As  the  radiating  point  approaches  the  lens,  the  sur- 
face towards  it  should  become  less  and  less  convex 
as  regards  the  other  face;  e.g.,  the  radii  should  be 
2:5  —  3:4  —  4:3 — until  when  it  reaches  the  prin- 
cipal focus  it  should  be  6  :  1,  or  the  reverse  of  what 
it  was  when  at  infinity. 

Lenses  made  on  this  principle  are  called  Icnats  of 
best  fur m,  and  also  crossed  tenses. 

3d.  In  place  of  using  a  single  one  of  short   foeot. 

cnw^itnt      two  or  tnree  convex  lenses  of  longer  focus  are  phu-od 

close  together.     Thus   a   combination   of    the    same 

short  focus,  hut  with  considerably  less  spherical  aberration,  is 

obtained. 

4th.  By  combining  a  concave  lens  with  the  convex.  The 
material  of  the  second  may  be  similar  to  that  of  the  first  or 
unlike.     Usually  it  is  different. 

The  manner  in  which  this  acts  is  easily  understood  when  we 
reflect,  that  in  the  concave  or  diverging  lens  the  thicknest 
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greatest  at  the  circumference,  hence  the  aberration  is  in  an 
opposite  direction  to  that  of  the  convex,  and  corrects  it.  It  is, 
therefore,  only  necessary  to  secure  a  proper  relation  of  radii 
of  curvatures  in  both,  when  a  converging  combination  almost 
entirely  free  from  spherical  aberration  is  obtained.  Lenses  of 
this  description  are  called  aplanatic. 

637.  The  Coma. — Spherical  aberration  has  thus  far  been  con- 
sidered only  as  applied  to  rays  parallel  to  the  principal  axis. 
It  remains  to  speak  of  the  consequences  arising  when  rays 
fall   upon  a  lens  obliquely  to  its  axis.     In  Fig.  241,  suppose 

Fio.  241. 


The  coma. 


the  aberration  for  parallel  rays  is  represented  by  A,  the  space 
between  the  interior  and  exterior  circles  being  the  aureola  of 
aberration.  B  and  C  then  represent  the  changes  that  take 
place  as  the  rays  become  more  and  more  oblique  to  the  axis, 
Until  finally  the  appearance  at  D  is  produced.  To  this  the 
term  coma  is  applied. 

A  lens  which  is  aplanatic  for  rays  parallel  to  its  axis,  is  not 
80  for  those  oblique  thereto.  The  correction  for  this  condition  is 
attained  in  part  by  the  use  of  properly  placed  diaphragms. 

638.  Chromatic  Aberration. — All  simple  lenses  give  images  the 

H^r^ins  of  which  show  coloration  which  does  not  belong  to  the 

original.    This  sequent  of  lens  action  is  called  chromatic  aberra- 
tion . 

In  describing  the  action  of  lenses  (528)  it  was  shown  that  the 
principle  involved  was  that  of  refraction,  as  with  prisms.  Since, 
.a'^fis  is  in  fact  a  combination  of  an  infinite  number  of  prisms, 
rt  follows  that  as  a  prism  not  only  refracts  light,  but  also  decora- 
P°^^s  and  disperses  it  into  different  colored  rays,  a  lens  must 
^v*^  the  same  effect,  and  hence  the  coloration  of  the  margins 
°*    the  images  it  produces. 

In  Fig.  242  this  action  is  represented,  A  being  the  luminous 
P?*»it,  L  the  lens.  As  the  violet  rays  are  the  more  refran- 
Pk*le,  they  come  to  a  focus  at  V,  while  the  red  are  prolonged 
*°  H,  The  maximum  for  light  is  in  the  yellow  (511),  while  that 
for  chemical  rays  is  in  the  violet  region.  Setting  aside  the 
aatioyance   arising  to  the   eye  from   marginal   coloration,   it 


456  optics. 

therefore  follows,  in  photographic  operations,  that  when  an 
image  is  sharply  focuesed  on  the  ground  glass,  the  photographic 
picture  is  badly  out  of  focus.  Hence  we  perceive  there  are 
two  foci  for  a  simple  lens,  viz.,  the  lisital  focus  and  the  chetnical 
focus. 


Correction  for  chromatic  aberration  in  photographic  opera- 
tions may  be  obtained  by  using  a  blue  or  violet  monochromatic 
light.  The  method  by  passing  the  light  through  amiuonio- 
sulphate  of  copper  (513)  is  the  best,  especially  for  microscopic 
photography.  This  does  not  answer  for  removal  of  marginal 
coloration  in  optica!  contrivances  used  by  the  eye,  as  micro- 
scopes, telescopes,  etc.,  as  the  natural  colors  of  the  object  would 
also  be  changed  or  interfered  with.  For  such  instruments  the 
lenses  themselves  are  corrected  as  follows. 

539.  Achromatic  Lenses  are  so  called  because  they  furnish 
an  image  free  from  the  marginal  coloratiou  we  have  been 
considering. 

In  (508)  the  achromatic  prism  is  described.     It  is  composed 

of  crown  and  flint  glasses,  the  dispersive  power  of  which  is  so 

different,  that  by  a  combination  of  the  two  dis- 

Pio.  243.         pension  is  corrected,  while  considerable  refractive 

/~~7\  power  remains.     It  is  upon  this  principle  that  the 

A  /  /  \b        achromatic  leus  first  made  by  Dolland  depends  for 

II     |  its  mode  of  action. 

I  In  Fig.  243,  A  represents  a  concave  or  diverging 

\    j  meniscus  of  flint  glass,  and  B  a  convex  or  con- 

1  \  /  verging  lens  of  crown  glass.     These  have  one  face 

*— *  in  common,  by  which  they  are  usually  cemented 

A'l,r"""'k '"""*'  together.  Their  curvatures  are,  moreover,  so  ad- 
justed that  they  are  aplanatic,  and  not  only  chromatic  but  also 
spherical  aberration  (536)  Sb  corrected. 

While  achromatic  lenses  give  an  admirable  optical  image, 
they  often  fail  to  give  good  photographs  from  a  want  of  coin- 
cidence in  the  visual  and  chemical  foci.  This  can  be  corrected 
either  by  making  a  suitable  change  in  the  position  of  the  plate, 
which  is  determined  by  trial,  or  by  passing  the  light  through  t 
ammonio-sulphate  of  copper  solution  (538). 
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540.  Aberration  by  Curvature  of  the  Field, — Let  ABC  repre- 
sent n  plane  at  a  distance  from   the  convex  lens  D.     The  rays 
bfroxa  the  point  B  will  come  to  a  focus 
st  E,  while  those  from  A  and  C  will  Fia.  244. 

reach  their  foci  at  F  nnd  G  respec- 
tivolv.  The  points  E  F  G,  being 
iieixrly  equidistant  from  the  optical 
centre  of  the  lens,  the  field  will  con- 
sequently be  curved,  and  an  image 
cannot  be  formed  on  the  plane  H  L, 
iu  which  boththecentral  and  marginal 
portions  are  sharply  defined.  To  this 
aberration  the  name  of  curvature  of 
fbe  field  is  given.  In  the  eye  the 
inia^e  is  received  upon  the  interi 
»  field  of  the  curvature  in  question 

The  correction  of  this  in  photographic  lenses  is  accomplished 
by  a  proper  relation  of  the  position  of  the  diaphragm  to  the  radii 
^F  curvature  of  the  lenses  forming  the  combination. 

Ml.  Depth  of  Focus  is  the    property  of  giving   well-defined 
images  in  planes  of  unequal  distances  from  the  optical  centre 
of  the  lens.     This  may  be  experimentally  illustrated  as  follows, 
Take  an  opera  glass  and  focus  it  for  objects  at  a  distance.     Then 
direct  the  glass  to  those  nearer,  they  will  appear  equally  well 
defined,  yet  the  foci  for  the  near  and  distant  are  not  the  same. 
A^uiu  direct  the  glass  to  a  distant  object,  it  will  then  be  found 
'hat  the   eye-piece  may    be   moved   forwards   and    backwards 
through  a  small  distance  without  injury  to  sharpness  of  defini- 
tion.   This  distance  represents  the  depth  of  focus  of  the  lenses. 
This  property  varies  with  the  aperture,  as  in  Fig.  245.    Let  D 
represent  a  lens  in  use  with  its  full  aperture  exposed,  the  parallel 


■  of  a  sphere  which  offers 


rays  r  r'  come  to  a  sharp  focus  at  a  in  the  plane  A.  Movement 
of  the  ground  glass  receiving  the  image  towards  the  planes 
C  or  B,  instantly  injures  the  definition. 

Suppose  that  a  stop  is   placed  in  front  of  the  lens  and  its 
diameter   reduced   as  at  D'.     The   parallel   rays   r  r'   passing 
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through  this  portion,  since  they  converge  at  a  much  smaller 
angle  than  in  the  preceding  instance,  appear  to  give  equally 
sharp  images,  whether  the  screen  is  at  the  distance  A,  or  at  B 
or  C. 

A  convergent  lens  can,  therefore  (in  apparent  contradiction 
to  the  law  ot  conjugate  foci),  give  sharp  images  in  planes  some- 
what distant  from  each  other.  This,  however,  only  takes  place 
when  the  object  is  distant  from  it;  as  it  approaches,  the  depth 
of  focus  diminishes. 

642.  Stops  and  Diaphragms. — Formerly  these  terms  possessed 
the  same  significance  in  physics,  but  great  advances  in  con- 
struction of  photographic  lenses  have  led  to  a  special  applica- 
tion of  each  term.  The  apparatus  is  the  same,  consisting  of  a 
disk  of  metal  equal  in  diameter  to  the  lens,  and  having  a  cen- 
tral aperture  which  varies  in  each,  s.>  :i  s.M'i.- 
with  different  openings  is  formed  which  can  he 
used  either  as  stops  or  diaphragms, accordingto 
their  position. 

When  used  as  a  stop,  it  is  placed  close  to  the 
lens  M  as  in  0  D,  Fig.  246.  It  then  cuts  down 
the  aperture  to  the  diameter  of  the  opening  of 
the  stop,  and  only  the  central  portions,  A  B  C  D, 
are  in  use,  and  represent  the  full  size  of  the 
pencil  of  rays  that  can  pass  it. 

When,  on  the  contrary,  it  is  placed  at  a 
proper  distance  it  becomes  a  diaphragm.  The 
'  full  aperture  is  employed,  and  only  those  rays 
from  different  parts  of  the  lens  which  it  i- 
necessary  to  cut  off  are  interfered  with.  In  all  ordinary  on 
instruments  their  position  has  been  fixed  by  the  maker,  and  care 
should  be  taken  not  to  change  or  disturb  them. 

In  explanation  of  the  action  of  a  diaphragm,  let  us  consider 
the  conditions  Fig.  247.  ABC  represent  three  distant  points, 
aud  L  L  a  convex  lens.  The  rays  from  B  indicated  by  the 
dotted  lines,  come  to  a  focus  at  F.  Not  bo  with  those  from  A. 
which  are  marked  I,  II,  III.  IV,  V.  Of  these,  A  I  is  refected 
to  a,  A  II  to  b,  III  to  ct  IV  to  d,  V  to  N.  A  similar  result 
occurs  with  0  1,2,3,4,5. 

Now  suppose  a  diaphragm  be  placed  in  the  position  indicated 
by  0  P.  The  conditions  in  Fig.  248  then  arise.  Only  th. 
4  and  IV,  5  and  V,  from  A  and  C,  which  have  their  focus  near 
the  same  plane  as  F,  can  reach  the  ground  glasB  screen.  Others 
which  injure  definition  have  been  thrown  out,  and  the  image 
gains  in  sharpness  thereby. 

It  is,  in  addition,  evident  that  the  smaller  the  opening  of  tin- 
diaphragm  the  cleaner  cut  the  image.     To  this  there  is  a  limit. 


u  after  a  certain  size  is  reached  an;  further  diminution  causes 
phenomena  of  diffraction  to  appear,  -which  injure  the  definition 


if  bright  objects.     A  star,  for  example,  in  place  of  appearing 
is  ft  point,  seemB  surrounded  by  rings. 


In  place  of  diaphragms  formed  in  the  manner  described,  a 
'■*y  ingenious  arrangement  called  the  iris  diaphragm  is  attached 


The  camera  lucids — The  camera  obscum — The  magic  lantern — The  »oi»r  micro- 
scope— The  ox  y  hydrogen  Ian  tern— Photo-electric  lantern — The  megascope. 

fi43.  The  Camera  Lucida  is  an  itiBtrument  frequently  used  in 
sketching  objects  viewed  through  the  microscope.     In  that  in- 
vented by  Wollaston,  in  1804,  the  principal  section  is  ae  repre- 
sented, Pig.    249.     It  ib  a  four-sided  glass 
Fig.  248.  prism,  acting  by  total  reflection.     The  angles 

jxp^p  are,  two  of  67°  30',  one  of  90°,  and  one  of  135°. 

A  ray  entering  normally  in  the  direction 
x  r',  is  totally  reflected  from  the  face  d  e,  in 
the  direction  r'  r,  impinging  upon  the  lace 
d  a,  since  the  angle  formed  is  again  greater 
than  the  critical  angle,  it  undergoes  a  second 
total  reflection,  and  emerges  in  the  line 
cnm..™  iikMh.  r  a.     The   eye  placed  at  p  p   pcreviv..-   tin- 

object  in  the  direction  indicated  by  the  dotted 
lines,  and  if  the  adjustment  is  such  that  the  edge  of  the  prim 
only  occupies  half  of  the  field  of  vision,  it  is  projected  upon  a 
surface  of  white  paper  placed  at  a  distance  of  about  ten  inches 
from  the  eye.  If  the  point  of  a  pencil  is  placed  thereon  it  is 
seen  with  equal  distinctness,  and  the  image  may  be  easily  traced 
with  it.     In  some  cases  a  lens  is  added,  as  at  p  p. 

544.  The  Camera  Obsoura  was  the  invention  of  Porto,  &  Nea- 
politan physician.  In  its  first  form  it  was  a  long  double  rec- 
tangular box.  One  section,  B,  was  smaller  than  the  other,  C. 
enabling  it  to  slide  therein,  as  in  an  ordinary  telescope,  making 
the  box  of  different  lengths.  At  one  end,  L,  a  minute  op 
was  made.  The  opposite  end  was  formed  of  a  flat  sheet  of  ground 
glass,  E.     Directing  this  towards  an  illuminated  landscape. 


ipe,  tb* 
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rays  therefrom  formed  an  inverted  image  on  the  ground  glass 
the  size  and  brightness  of  which  were  varied  by  sliding  this 
•ection  of  the  box  nearer  to  or  further  from  the  aperture. 

To  place  of  using  a  minute  aperture  for  the  entrance  of  the 
rays,  rorta  soon  found  that  by  substituting  a  convex  lens  L  a 


Fig.  250. 
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Camera  obecura. 


tt*nch  brighter  image  was  produced,  the  definition  of  which  was 
Easily  perfected  by  a  slight  forward  or  backward  movement  of 
the  ground  glass. 

In  this  form,  with  various  improvements  in  the  character  of 
the  lenses  L  I/,  and  means  of  focussing  D  A,  the  camera  obscura 
has  now  become  the  well-known  photographic  camera. 

The  term  camera  obscura,  as  its  name  indicates,  is  also  ap- 
plied to  rooms  of  considerable  dimensions,  and  generally  in  the 
form  of  a  tent.  At  the  apex  of  this  there  is  a  lens  and  prism  so 
combined,  that  the  latter  reflects  the  image  producea  by  the 
former  in  a  downward  direction  upon  a  table  placed  in  the 
centre  of  the  room,  as  the  screen  of  the  camera.  Visitors  look- 
ing at  the  table,  obtain  a  panoramic  view  of  all  that  passes  across 
the  field  of  view  outside  the  building. 

546.  The  Magic  Lantern  is  an  instrument  the  operation  of  which 
*•  exactly  the  reverse  of  the  camera,  for  while  the  latter  produces 
&  diminished  image  of  the  object,  the  lantern  forms  an  enlarged 
one. 

The  essential  parts  of  the  apparatus  are  a  tin  box,  in  which  a 
lamp  of  some  form  is  the  source  of  light.     By  means  of  a  para- 
colic mirror,  A,  as  much  as  possible  of 
the  light  is  passed  through  the  convex 
lem  S,  and  concentrated  upon  V,  the 
object  to  be  reproduced.      At  C  there 
is  a  double  convex  lens,  the  position  of 
wMch  from  V  is  a  little  more  than  its 
°*n  focal  distance.     The  action  of  the  mgic  iant<,ru. 
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apparatus  ia  to  form  a  real  and  magnified  image  of  the  object 
upon  a  screen. 

The  so-called  dissolving  views  are  produced  by  using  two 
similar  lanterns,  in  which  dift'erent  pictures,  or  slides,  have  been 
placed,  and  directing  the  images  upon  the  same  parts  of  the 
screen.  As  the  light  is  gradually  shut  off  from  one  and  turned 
on  the  other,  the  tormer  merges  gradually  or  dissolves  with  the 
latter. 

546.  The  Solar  Microscope  is  a  magic  lantern  in  which  the  sun  is 
used  as  the  Bource  of  light.  The  objects  are  very  minute,  and 
subjected  to  great  magnifying  power — like  the  magic  lanteru.it 
is  used  in  a  darkened  room. 

The  parts  are:  1st.  A  plane  mirror  by  which  the  solar  rays 
are  directed  along  the  optical  axis  of  the  instrument.  2d.  A 
condensing  arrangement  consisting  of  two  convex  lenses.  3d. 
A  suitable  stage  for  support  of  the  object  at  the  focus  of  the 
condensing  system.  4th.  The  projecting  apparatus  generally 
formed  of  one  or  more  achromatic  lenses,  the  whole  naving  a 
very  short  focus,  and  consequent  high  magnifying  power. 

The  intense  heat  at  the  focus  is  apt  to  injure  objects  submitted 
to  its  action;  to  avoid  this,  the  solar  rays  are  passed  through  a 
saturated  solution  of  aluiu,  enclosed  in  a  glass  cell,  with  flat 
parallel  walls, 

647.  The  Oxyhydrogen  Lantern. — The  oxi/ealcium  light  resulting 
from  projecting  the  flame  of  mixed  oxygen  and  hydrogen  gases 
upon  a  cylinder  or  pencil  of  calcium  oxide  is  generally  employed. 
It  is  fixed  in  its  position  in  the  optical  axis  of  the  apparatus,  and 
thrown  into  operation  with  comparative  facility  when  cylinders 
containing  the  compressed  gases  arc  available.  It  has  sufficient 
intrinsic  brilliancy  for  the  majority  of  experiments.  The  diffi- 
culties in  the  way  of  its  use  are,  however,  serious,  and  it  is  very 
desirable  they  should  be  lessened.  They  arise  chiefly  from  the 
volatility  of  the  calcium  oxide  at  the  intensely  high  temperature 
employed.  The  volatilized  material  depositing  on  tin-  condens- 
ing lenses  prevents  the  passage  of  luminous  rays,  and  the  cavity 
formed  in  the  cylinder  of  lime  at  the  spot  where  the  flame  im- 
pinges soon  diminishes  the  brilliancy  of  the  light ;  this  nnnnnri 
tales  a  change  in  position  of  the  lime  cylinder  to  present  a  new 
surface  to  the  flame,  and  this  in  its  turn  implies  a  distraction  of 
the  attention  of  the  experimenter,  which  interferes  seriously 
with  the  thorough  management  of  his  subject.  Though  attempts 
have  been  made  to  avoid  this  difficulty  by  clockwork,  or  other 
mechanical  contrivances,  they  are  still  unsatisfactory  iu  their 
action.     Auother  serious  objection  is  the  necessity  of  placing 
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the  cylinders  in  a  closed  vessel  when  not  in  use  to  protect  tbem 
from  action  of  the  air. 

The  oxymagnesium  light  is  similar  to  the  preceding,  differing 
only  in  the  substitution  of  a  cylinder  or  pencil  of  magnesium 
oxide  for  calcium  oxide,  and  the  light  emitted  is  of  equal  bril- 
liancy.   Following  the   instructions   given  for  preparation  of 
these  cylinders,  I  have  taken  the  greatest  pains  to  procure  sam- 
ples of  magnesium  oxide  of  the  utmost  purity.     I  have  also 
tried  various  other  methods,  among  which  the  combustion  of 
the  metal  in  oxygen  may  be  mentioned,  but  failure  has  thus  far 
attended  all  efforts  to  make  pencils  or  cylinders  able  to  with- 
stand the  intense  heat  of  the  flame  of  mixed  oxygen  and  hydro- 
gen gases  without  undergoing  volatilization.     The  pencils  ob- 
tained were  fully  equal  in  this  respect  to  those  of  calcium  oxide; 
but  I  did  not  find  any  superiority  that  repaid  me  for  my  trouble. 
The  oxyzirconium  light  produced  by  action  of  the  flame  of 
mixed  oxygen  and  hydrogen  gases  on  a  cylinder  of  zirconium 
oxide  meets  every  requirement.     It  has  intrinsic  and  invariable 
brilliancy,  a  fixity  of  position  in  the  optical  axis  of  the  appa- 
ratus, and  does  not  volatilize  under  the  heat  employed.     The 
condensing  lenses  remain  free  from  deposit,  and  after  the  light 
is  once  adjusted  the  experimenter  can  carry  on  his  demonstra- 
tions without  any  distraction  of  attention  that  attends  the  use  of 
other  lights.     All  that  is  necessary  is,  according  to  the  size  of 
the  reservoirs  of  compressed  gas,  to  open  the  cocks  a  little  as 
pressure  diminishes.     There  is  also  no  need  to  remove  the  zir- 
conium oxide  pencil  from  its  position,  as  with  calcium  oxide;  it 
paay,  on  the  contrary,  remain  in  situ  for  any  length  of  time,  and 
is  always  ready  for  use. 

In  lanterns  as  ordinarily  constructed  for  projection  of  photo- 
graphic or  other  images  on  a  screen,  the  support  or  stage  on 
^hich  the  photographic  slide  is  placed  is  close  to,  and  at  an 
invariable  distance  from,  the  condensing  lens.    While  the  objects 
Projected  are  nearly  equal  in  size  to  the  diameter  of  the  con- 
^Bser,  this  is  the  only  adjustment  that  can  be  made  to  illuminate 
5**eir  whole  surface;  but,  when  the  diameter  of  the  field  occupied 
YF  them  is  only  one-half  or  one-quarter  that  of  the  condensing 
j^fis,  the  brilliancy  of  result  obtained  may  be  greatly  increased 
tJ"  removing  the  supporting  stage  or  object-carrier  to  a  greater 
Instance  from  the  condenser,  tmowing  a  convergent  beam  of 
'!f?ht  to  fall  on  the  object.    To  accomplish  this  I  have  constructed 
***e  following  form  of  lantern: 

•  In  Fig.  252,  a  is  a  zirconia  light,  mounted  on  an  adjustable 
"*^  (see  "American  Journal  of  Science  and  Arts,"  Sept.  1877, 
J^ge  208),  which  may  be  used  with  a  condensing  lens  of  very 
s**ort  focus,  since  the  zirconia  is  not  burrowed  into  cavities 
**^re  the  oxyhydrogen  flame  impinges,  which  happens  with  lime 


tographic  or  other  design  to  be  projected.  d  the  projectioi 
leus  formed  of  three  sets  of  lenses,  and  giving  a  perfectly  flat 
rectilinear  held,  a  r  d  are  mounted  on  a  base  board,  e  f,  to  tli- 
end  of  which  the  lantern  box  a  1/  is  attached,  freely  open  above 
and  below  to  permit  perfect  ventilation.  The  basu  carries  lateral 
grooves  in  which  a  c  d  slide,  allowing  them  to  be  placed  «'  vary- 
ing distances  from  b,  and  fixed  by  suitable  binding  screws,  c 
and  d  are  also  connected  by  a  rod  r  carrying  an  adjustment 
screw  at  r,  by  which  change  of  distance  between  d  and  e,  re- 
quired in  giving  the  correct  focus,  is  obtained.  The  base  e  f  is 
attached  to  a  second  or  under  base  g  k  by  a  hinge  at  h,  . 
allows  the  end  e  of  the  movable  base  e  f  to  be  raised  to  any 
required  angle,  at  which  it  may  be  maintained  by  a  block  at  (. 
So  convenient  aud  compact  is  this  lantern  that  it  can  readily  be 
stowed  away  in  a  small  trunk. 

When  a  series  of  objects  of  different  size*  is  projected,  as  with 
microscopic  photographs  taken  under  the  same  adjustments,  it  is 
a  great  gain  in  the  projection  of  smaller  objects  if  the  circle  of 
lignt  used  for  illumination  is  reduced;  and  at  the  same  time 
increased  in  brilliancy.  This  is  accomplished  as  rapidly  us  can 
be  desired  by  removing  d  c  together,  along  the  slide  of  the  base 
e/to  a  sufficient  distance  from  the  face  of  the  condenser  b  to 
allow  the  convergent  rayB  from  the  latter  just  to  cover  a  circle 
which  will  include  the  object.  The  greater  intensity  of  illumi- 
nation thus  obtained  renders  the  definition  of  fine  marking  m 
other  peculiarities  on  small  objects  as  clearly  visible  at  consider- 
able distances  as  are  coarser  ones  on  those  of  a  larger  size  under 
■  weaker  light. 
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For  projection  of  the  spectrum  a  slit  is  placed  in  front  of  the 
condensing  lens.  This  is  brought  to  a  focus  on  the  screen  by 
the  projecting  leus.  One  or  more  prisms,  according  to  the 
character  of  the  experiment,  are  then  placed  on  a  platform  in 
front  of,  or  close  to  the  outermost  lens  of  the  projecting  com- 
bination, when  a  iiue  spectrum  will  appear  iu  the  proper  posi- 
tion. To  obtain  the  best  results,  the  prisms  should  be  adjusted 
for  minimum  deviation. 

The  form  of  this  lantern  also  permits  its  use  as  a  projecting 
microscope.  An  alum  cell  (546)  is  placed  between  the  con- 
denser b  o  and  the  stage  c.  A  microscope  objective  combination 
is  substituted  at  d.  Thus  arranged,  I  have  shown  the  circula- 
tion in  the  web  of  a  frog's  foot,  so  that  blood-corpuscles  could 
be  seen  moving  in  single  file  through  the  smallest  capillaries, 
each  perfectly  distinct,  and  about  an  inch  in  length. 

For  projection  experiments  in  polarization,  the  outer  element 
fc  of  the  condenser  is  removed,  and  a  nearly  parallel  beam  ob- 
tained. This  is  received  upon  a  reflecting  polarizer  of  fifteen 
or  twenty  plates.  The  polarized  beam  is  thus  cast  downwards, 
when  it  is  received  on  a  surface  of  polished  silver,  and  sent 
through  the  axis  of  the  projecting  lens,  which  must  be  placed 
lower  for  the  purpose,  and  armed  with  a  Nicol  or  a  double 
inmge  prism,  as  an  analyzer.  By  this  arrangement  I  have  ex- 
hibited on  the  screen  all  the  usual  experiments  in  polarization, 
including  the  colored  rings  and  black  cross  of  calc-spar,  and 
demonstrated  the  method  of  determining  the  strength  of  sugar 
solutions.  In  the  latter  case  the  amount  of  rotation  was  shown 
by  taking  a  portion  of  the  transmitted  beam  and  by  suitable 
mirrors  causing  it  to  act  as  an  index.  Movements  of  the  spot 
°f  light  through  an  arc  of  forty-five  degrees  were  readily  obtained 
by  solutions  of  sufficient  strength. 

448.  Photo-electric  Lantern. — Of  all  artificial  lights  the  electric 

&rc  is  the  most  brilliant  and  its  use  in  lanterns  has  often  been 

*ttempted.     The  difficulty,  however,  is,  that  no  regulator  has 

Jet  been  contrived  which  can  furnish  a  perfectly  steady  light. 

Where  the  dynamo-electric  current  is  employed,  the  variation 

therein,  produced  by  slipping  of  bands,  and  other  irregular 

Actions  of  the  mechanism,  cause  a  distressing  effect  upon  the 

€ye8  of  those  who  are  watching  the  projected  images.     By  the 

****  of  the  new  condensing  batteries  it  is  possible  that  this  trouble 

****&  be  overcome.     Until  this  is  done,  the  electric  light,  in  spite 

°*  its  intrinsic  brilliancy,  cannot  equal  the  zirconia  light  in  the 

f^ojeeting  lantern. 

549.  The  Megascope  is  employed  for  the  projection  of  images 
°f  coins  and  other  opaque  objects.     It  requires  the  use  of  lenses 

80 
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of  considerable  diameter,  and  a  most  brilliant  illumination  of  the 
object.  The  magnifying  power  obtained  is  not  very  great,  but 
is  sufficient  to  enable  the  experimenter  to  exhibit  such  phe- 
nomena as  the  pulsation  of  the  heart  to  a  large  audience. 


CHAPTER    XXV. 

THE   EYE   AND   VISION. 

Parts  of  ihe  eye — The  mechanical  mechanism — The  optical  mechanism — f  ■*« 
sclerotic  and  cornea — Crystalline  lens — The  humors  of  the  eye — The  ir*5" 
The  second  tunic  or  choroid — The  third  tunic  or  retina — Terms  applied  *° 
optical  mechanism — Accommodation — Normal  action  of  optical  mechani*r*"*~"" 
Abnormal  action  of  optical  mechanism — Spectacles — Binocular  vision— *T"k* 
stereoscope — Size  and  distance  of  objects. 

MO.  Parts  of  the  Eye. — As  the  ear  is  the  organ  of  time,  so  the  **Jf€ 
is  the  organ  of  space.     Its  function  is  to  form  images  of  exten*^* 
objects  upon  the  retina,  and  bring  them  under  the  cognizan  ^-^ 
of  the  brain  or  organ  of  the  mind.     The  eye  is  generally  A  *T 
scribed  as  consisting  of:  1st,  the  mechanical  mechanism  by  whU-^k 
the  principal  axis  of  the  organ  is  directed  towards  the  obje- 
to  be  viewed ;  2d,  the  optical,  by  which  the  image  is  fornn 
upon  a  screen,  and  brought  to  a  sharp  focus;   3d,  the  nervoux   ^* 
by  which  the  image  is  perceived  by  the  mind  ;  4th,  certain  &^^a 
pendages  as  the  eyelids,  eyelashes,  lachrymal  glands,  ducts,  ai*      *• 
mucous  membrane  or  conjunctiva.     Of  these  the  1st  and  2T   ** 
especially  command  our  attention.     The  3d  and  4th  are  rooi 
purely  physiological  in  their  character. 

Ml.  The  Mechanical  Mechanism  consists  of  muscles  and  tendon: 
so  attached  to  the  eyeball  and  the  cavity  or  orbit  in  which  it  fe 
placed,  as  to  move  the  principal  axis  of  the  organ  in  different 
directions.  Four  of  these  pass  straight  forwaras  from  the  apei 
of  the  orbit  to  the  ball :  they  direct  the  axis  upwards,  down- 
wards, to  the  right  or  left.  By  means  of  two  others,  called  the 
oblique,  the  ball  is  rotated  upon  its  axis.  In  all  of  these  except 
one  the  action  is  direct.  In  the  superior  oblique  the  tendou  is 
long,  and  passes  through  a  tendinous  ring  in  the  inner  side  of 
thoorbital  cavity,  giving  an  example  of  the  application  of  the 
pulley  to  the  change  in  direction  of  a  line  of  force.    An  exces- 
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give  contraction  of  any  one  of  these  muscles  constitutes  the  con- 
dition called  squinting  or  strabismus. 

MS.  The  Optical  Mechanism  may  be  likened  to  a  camera 
obscura,  as  regards  its  parts  and  manner  of  action.  The  box  is 
represented  by  the  sclerotic  and  cornea;  the  lenses  by  the  crys- 
talline lens,  aqueous  and  vitreous  humors;  the  diaphragm  is  the 
iris,  and  the  screen  is  formed  by  the  retina,  or  nervous  mech- 
anism, and  the  black  pigment. 

503.  The  Sclerotic  and  Cornea  taken  together  form  a  nearly 
spherical  box  about  an  inch  in  diameter.  They  constitute  the 
exterior  coat  or  first  tunic  of  the  eye,  as  at  a  and  d  in  the  outline 
of  the  eyeball,  Fig.  253.     All  the  wall,  excepting  a  small  an- 

Fio.  253. 


Diatcnuu  of  a  horizontal  sect  inn  or  th«  eyeball. 


«.  Sclerotic  coat. 

b.  Choroid  and  black  pigment. 

e.  Retina. 

d.  Cornea. 

e.  Ciliary  muarle. 
/.  Jrii 

*j.  Crystalline.  Icim. 
h.   Vitrwnw  humor. 


i.  1'ontcriot  chamber. 

/.  Optic  niTvi*. 
in. Ciliary  ligament, 
a.  Hyaloid  membrane. 
o.  Canal  of  Petit. 
r.  Siuus  circularii'. 
$.  Ciliary  pro<-<>iw. 

L  Hiiiipcn«ory  lignm'-nt. 


tettor  portion,  is  composed  of  the  sclerotic,  which  is  a  dense, 
*?ugb,  opaque,  fibrous  tissue,  and  appears  in  what  is  known  us 
"*e  white  of  the  eye.  The  anterior  portion  is  the  cornea,  d;  it 
^y  be  regarded  as  the  continuation  of  the  sclerotic,  since  it  is 


made  up  of  the  same  tissue.  It  differs,  however,  in  that  it  ia 
transparent,  and  its  curvature  also  is  greater.  Ab  its  surfaces 
are  parallel  to  each  other,  it  is  a  simple  meniscus,  having  of  itself 
but  little  lens  action.  Its  real  function  is  to  form  the  anterior 
surface  of  the  aqueous  humor,  and  give  to  that  fluid  a  true  len- 
ticular form  and  function. 

564.  Crystalline  lens  is  a  double  couvex  lens, ^,  Fig.  253,  of 
unequal  curvatures,  the  anterior  surface  being  less  convex  than 
the  posterior.  It  is  one-third  of  an  inch  in  diameter,  one-sixth 
thick,  and  enclosed  in  a  membrane,  called  its  capsule.  It  has 
sufficient  consistency  to  retain  its  iigure  when  removed  from  its 

!)osition,  though  it  yields  readily  to  pressure.  It  is  built  of 
ayers  the  density  of  which  gradually  increase*  towards  the  cen- 
tre, as  shown  in  the  following  determinations  of  their  ra&Mlta 
indices,  by  BrewBter : 


By  this  increase  in  refractive  power  towards  the  centre  spherical 
aberration  is  diminished. 

The  position  of  the  lens  is  governed  by  the  suspensory  liga-  — ^^m 
ment  t,  ciliary  muscle  e,  and  ciliary  processes  s.  The  action  of*-  «^». 
these  is  largely  involved  in  the  accommodation  of  the  focus  of  thes^»^n^ 
eye  to  objects  at  different  distances. 

fiS5.  The  Humors  of  the  Eye. — These  are  two  in  number,  t hu>  mzM~. — m 
aqueous  aud  the  citreous.     The  first  lies  between  the  posterior  «^>^_ 
surface  of  the  cornea  and  the  anterior  surface  of  the  lens.     I*-T 
is,  therefore,  a  fluid  concavo-convex  lens.     The  second  ft,  occur* --,. 
pies  the  space  between  the  posterior  face  of  the  lens  and  tb.*^^' 
retina  at  the  back  of  the  ball ;  it  also  forms  a  concavo-convex.   _  ^_         fl 

Both  of  these  have  a  density  less  than  that  of  the  lens.     .*«. 
regards  its  physical  appearance,  the  aqueous  is,  as  its  name  'm^^~~m^^.6 
cates,  quite  fluid  in  character.     The  vitreous,  on  the  contraw^ ^.  * 
has  a  consistency  similar  to  that  of  the  white  of  an  egg.     It  z»-   r't''1' 
enclosed  in  a  membraue  called  the  hyaloid.     In  connection  '■'•'*—- _^v    ,'* 
the  crystalline  lens  which  lies  between  them,  these  keer»  _  (l   ' 

hollow  sphere  or  cavity  of  the  sclerotic  and  cornea  distcn*— »  ^fy* 
and  maintain  its  spherical  form. 

The  refractive  power  of  the  media  composing  the  ey  ■"*  — e  .^ 
compared  with  water,  is  as  follows,  according  to  the  deternt^^^r-n\na. 
tions  of  Brewster  i 


CrysUlliiH-  average 
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566.  The  Iris  is  in  the  aqueous  humor,  and  close  to  the  crys- 
talline lens,  g.  It  is  represented  at  /,  Fig.  253.  It  forms 
the  colored  (blue,  gray,  or  brown)  portion  of  the  eye,  which  we 
observe  when  we  look  into  that  organ.  In  the  centre  there  is 
an  opening,  called  the  pupil.  In  the  normal  state  this  always 
appears  black,  because  through  it  we  see  the  dark  coating,  or 
black  pigment,  which  with  the  retina  forms  the  screen. 

The  iris  divides  the  aqueous  humor  into  the  anterior  and 
posterior  chambers,  /.  It  is  not  perfectly  flat,  its  central  region 
bulging  slightly  forwards,  as  in  the  figure.  It  is  highly  vascular, 
and  composed  of  radiating  fibres  which  pass  from  its  circumfer- 
ence to  the  circular  elastic  band  forming  the  margin  of  the 
pupil,  and  acts  as  its  sphincter.  By  contraction  of  this  the 
diameter  of  pupil  is  diminished,  by  relaxation  it  is  increased. 
It  thus  regulates  the  size  of  the  pencil  of  light  entering  the 
ejre.  Being  close  to  the  lens,  it  acts  as  a  stop  thereto,  and  by 
excluding  rays  from  its  margin  aids  in  correcting  spherical  aber- 
ration. 

657.  The  Second  Tunic  or  Choroid. — If  we  make  a  section  of 
the  eyeball  from  before  backwards,  through  its  centre,  Fig.  253, 
find  that  nearly  all  that  portion  of  the  wall  which  lies  behind 
iris  and  includes  the  vitreous  humor,  is  composed  of  three 
lajrere  or  coats.  The  exterior  is  the  sclerotic  a,  which  we  have 
examined.  Immediately  within  this,  and  in  close  contact,  is  a 
•eoond  coat,  6,  made  up  of  bloodvessels,  and  cells  filled  with 
M»ck  pigment  which  give  to  it  a  dark,  velvety  look.  This  is 
tt*^  choroid. 

In  its  anterior  portion  it  separates  from  the  sclerotic  near 
here  the  latter  becomes  cornea,  and  turning  inwards  and  being 
pplied  with  muscle  cells  forms  the  iris,/,  described  in  the  last 
a*"~fcicle.  As  it  leaves  the  sclerotic,  it  separates  into  two  lamime, 
^he  anterior  forming  the  iris,  and  the  posterior  a  series  of  loops 
^"l"*ich  surround  the  lens.  These  are  known  as  the  ciliary 
Processes,  s;  they  are  about  seventy  in  number.  Beneath  the 
~~  g  of  these,  and  in  contact  with  the  sclerotic,  there  is  a  band 
radiating  muscular  fibres  called  the  ciliary  muscle,  *,  which 
a  most  important  relation  to  the  accommodation  of  the  eye 
objects  at  different  distances. 

<W8.  The  Third  Tunic  or  Retina,  is  the  expansion  of  the  optic 

n^rve,  Fig.  258,  c.     By  some  it  is  regarded  as  the  screen  of  the 

**l>tical  mechanism,  as  well  as  the  organ  by  which  the  image  is 

Perceived.     By  others  the  black  pigment  of  the  choroid  coat  is 

°*>U8idered  to  be  the  screen,  while  the  retina  perceives  the  image 

Produced  thereon.     Those  who  believe  the  retina  is  both  screen 

***d  organ  of  perception,  allow  that  the  duty  of  the  black  pig- 
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meat  is  merely  to  extinguish  the  light  after  it  has  served  its 
purpose.  A  very  interesting  view  of  the  function  of  the  black 
pigment  will  be  found  in  Prof.  J.  W.  Draper's  "Human  Physi- 
ology," page  390.  He  directs  attention  to  several  points,  which 
show  that  its  true  function  is  to  act  as  the  screen,  while  the 
retina  perceives  the  image  formed  thereon.  One  of  the  most 
significant  of  the  facts  brought  forward,  is,  that  the  sensitive 
columns  of  the  retina  are  directed  backwards  toward  the  pig- 
ment, and  not  forwards  toward  the  lens,  as  would  be  the  case 
if  they  formed  the  true  screen. 

There  are  four  layers  of  the  retina,  according  to  Mullet*. 
These  are  arranged  radially,  from  within  outwards,  in  the  fol- 
lowing order:  1st,  fibres  of  optic  nerve;  2d,  vesicular  layer;  3d, 
granular  layer;  4th,  Jacob's  layer  of  cones  and  rode. 

559.  Terms  Applied  to  Optical  Mechanism. — 1st.  Optic  centre  of 
tens,  which  may  be  determined  according  to  method  given  in 
(5331. 

2u.  Optic  axis,  also  called  the  principal  axis  of  the  eye,  is  the 
axis  of  its  figure.  It  is  the  straight  line  A,  Fig.  253,  passing 
through  the  centre  of  the  pupil  and  the  optic  centre  of  the 
crystalline  lens. 

3d.  Optic  angle,  is  that  formed  between  the  two  optic  axes 
when  the  eyes  are  directed  towards  the  same  point.  It  ib  leas 
and  less  as  the  object  is  more  and  more  distant. 

4th,  Visual  angle,  is  the  angle  A  0  B  formed  between  second- 
ary axes  drawn  from  the  optic  centre  O  of  crystalline  lens  to  the 
outer  limits  of  the  object.  It  increases  with  its  magnitude,  and 
diminishes  with  its  distance,  as  in  Fig.  254,  in  which  the  angle 
subtended  is  much  greater  at  A  B  than  at  A'  B'.     If  the  visual 


angle  is  lees  than  half  a  minute,  the  true  form  of  an  object 
cannot  be  discerned.  A  white  square  of  one  yard  on  each  edge, 
at  a  distance  of  five  miles,  appears  as  a  bright  spot,  not  distin- 
guishable from  a  circle  of  that  diameter  placed  at  the  same 
distance. 

560.  Accommodation. — By  this  is  meant  the  adjustment  of  the 
optical  mechanism  until  images  of  objects  at  different  distances 
are  brought  to  an  accurate  focus  on  the  screen  of  the  eye. 
There  are  three  ways  by  which  this  can  be  accomplished: 

1st.   The  elongation  of  the  apparatus  in  its  principal  axis,  and 
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thereby  moving  the  screen  further  from  the  cornea.  The 
method  would  be  similar  to  that  adopted  in  an  ordinary  camera 
obecura.  The  manner  in  which  the  result  was  imagined  to  be 
attained  was,  that  when  the  recti  muscles  all  acted  together,  thev 
compressed  the  zone  of  the  ball  to  which  they  were  attached, 
causing  it  to  be  elongated  from  before  backwards,  and  assume 
an  egg-shape.     This  is  now  abandoned. 

2d.  Change  in  distance  between  the  crystalline  lens  and  the  screen. 
It  having  been  satisfactorily  shown  that  the  eyeball  does  not 
change  its  figure,  it  was  then  stated  that  the  result  was  attained 
by  moving  the  lens  towards  or  from  the  screen.  This,  it  was 
supposed,  was  accomplished  by  action  of  the  ciliary  muscle. 

3d.  Change  in  curvature  of  the  lens.  That  this  certainly  takes 
place  is  proven  by  the  following  experiment:  Take  a  young  per- 
son with  normal  vision,  hold  a  lighted  candle  in  front  and  a 
little  to  one  side  of  one  of  his  eyes.  Look  into  his  eye  from  the 
opposite  side,  three  images  of  the  candle  flame  will  be  seen :  the 
first  very  bright  and  erect,  this  is  produced  by  reflection  from 
the  cornea;  the  second  not  so  bright,  also  erect,  comes  from  the 
anterior  surface  of  the  lens;  the  third  fainter,  is  inverted,  and 
is  from  the  posterior  surface  of  the  lens.  Direct  the  person 
to  look  into  remote  distance.  Observe  accurately  the  relative 
size  and  position  of  the  images.  Then  let  him  change  the  point 
of  observation  to  an  imaginary  object  close  at  hand,  but  in  the 
aarne  line  of  light  as  before,  it  will  at  once  be  noticed  that  the  first 
aud  third  images  do  not  change,  while  the  second  alters  its 
position  and  grows  smaller.  It  is,  therefore,  evident,  that  the 
anterior  surface  of  the  lens  has  changed  its  figure,  and  be- 
come more  convex,  as  it  is  this  which  forms  the  image.  These 
differences  are  represented  in  Fig.  255,  in  which  the  lens  is 

Fio.  255. 


Accommodation. 


j**v*ded  by  a  line  which  shows  on  one  side,  F,  the  condition  when 
.  point  of  vision  \%far  off,  and  on  the  other,  N,  when  it  is  near. 
a  \*  the  aqueous  humor,  d  ciliary  muscle,  e  ciliary  process. 
-  Uelmholtz  thinks  that  the  manner  in  which  the  change  in 
**8*ire  is  accomplished  is  as  follows:  "The  lens  is  invested  by  a 
^\!|*,  transparent  membrane,  which  extends  outwards  from  its 
e<*ge  as  a  circular  curtain,  and  is  attached  all  around  to  the 


sclerotic.  This  membrane  is  naturally  drawn  tight  by  the  elastic 
rigidity  of  the  sclerotic,  and  presses  gently  on  the  elastic  lens, 
flattening  it  slightly.  This  is  the  normal  passive  condition,  as 
when  gazing  at  a  distance.  Now  there  are  certain  muscular 
fibres  (ciliary  muscle)  which,  arising  from  the  exterior  fixed 
border  of  the  iris  just  where  it  is  attached  to  the  sclerotic,  run 
backward,  radiating,  and  take  hold  upon  the  outer  ei\go  of  the 
lens  curtain.  When  these  contract,  they  pull  forward  the  tense 
curtain  to  a  Bmaller  portion  of  the  globe,  and  thus  relax  its  ten- 
sion. This  relaxing,  relieves  also  the  pressure  of  the  capsule  on 
the  lens,  which,  therefore,  immediately  swells  or  thickens  in  pro- 
portion to  the  degree  of  relaxation."  According  to  Helniholtz, 
then,  we  adjust  the  eye  tovear  ulja-ts  l>y  ••imtruction  of  the.  ciliary  m  ".-<■■!?. 
The  normal  eye  in  a  passive  state  is  adjusted  to  infinitely 
distant  objects.  By  change  of  form  of  the  lens,  it  can  adjust 
itself  to  all  distances  up  to  about  live  inches.  The  range  of 
adjustment  or  of  distinct  vision  is,  therefore,  within  these  limits. 
It  is  only  at  comparatively  near  distances,  however,  that  the 
change  is  great.  Between  twenty  feet  and  infinity  the  adjust- 
ment is  almost  imperceptible. 

561.  Normal  Action  of  Optical  Mechanism. — The  following  phe- 
nomena present  themselves  in  connection  with  this  subject :  some 
purely  optical,  others  partly  or  wholly  connected  with  the  ner- 
vous mechanism. 

1st.  The  image  of  the  object  is  formed  at  its  conjugate  foci. 

2d.  The  images  are  inverted. 

3d.  The  eye  is  not  an  achromatic  apparatus  in  the  usual  ac- 
ceptation of  the  term,  since  the  refractions  are  all  in  the  same 
direction.  The  experiments  of  Miiller,  Young,  and  others, 
have  shown  that  neither  is  it  so  in  an  absolute  sense.  In  spite 
of  this,  we  nevertheless  see  objects  free  from  chromatisni. 
Ganot  says;  "The  cause  of  this  achromatism  cannot  be  accu- 
rately stated." 

4th.  The  best  visual  distance  for  small  objects,  as  fine  print,  is 
ten   or   twelve    inches.      This    is   called 


■B^^^^^^^~~  5th.    The    accommodation    for    differ- 

I    ^_     ^P^H  in    distuncc   by                  of  tin- 

I  pensory  ligament  and  ciliary  mi 

I    ^^^    ^^^^1  perfect,  while  the  eve        in  the  normal 

■^^■^^^^J     9tate- 

imuiuikni  6th.  Irradiation.     White  or  bright  ob- 

jects appear  larger  than  they  reallv  are, 
when  viewed  on  a  dark  ground.  A  white  square  on  a  black 
ground  seems  to  be  larger  than  a  black  square  of  exactly  the 
earae  size  viewed  on  a  white  ground. 


THE    EYE    AND    VISION. 


473 


562.  Abnormal  Action  of  Optical  Mechanism.— The  term  emme- 
tropy)s  employed  to  indicate  the  perfect  acting  or  normal  eye. 
in  it  the  focus  ranges  from  live  inches  to  infinity.  If  removed 
from  the  orbit,  it  is  found  to  bo  adjusted  for  objects  at  an  infinite 
distance.  To  adjust  it  for  those  nearer  requires  muscular  effort. 
From  this  perfect  condition  we  find  the  following  departures, 
some  depending  upon  imperfect  construction,  and  others  upon 
(u  rn-tionnl  derangement. 

1  st.  Myopy,  or  near-sightedness,  is  a  structural  defect.  Owing 
!i>  excessive  refractive  power,  the  focus  for  objects  at  a  great 
tlistance  falls  in  front  of  the  retina  instead  of  on  it.  The  rays 
when  they  reach  it  are  divergent,  and  to  form  a  sharp  image 
the  object  must  be  brought  nearer.  In  the  emmetropic  eye  the 
range  of  vision  is  from  five  inches  to  infinity;  in  the  myopic, 
from  one  inch  to  five,  from  three  inches  to  a  yard,  or  between 
any  other  two  fixed  points.  Within  these  limits  the  property 
of  adjustment  is  as  perfect  as  in  the  normal  eye. 

Tde  myopic  eye  lias  been  compared  to  a  camera  used  for 
taking  objects  close  at  hand,  and  when  shortened  as  much  as 
possible  is  still  too  long  to  bring  those  at  a  distance  to  a  focus 
00  the  ground  glass. 

2d.  Presbyopy,  or  old-sightedness,  sometimes  incorrectly  called 
fongf-sightednees,  is  a  functional  disease.  In  it  the  power  of  ad- 
justment f°r  near  objects  is  lost,  or  impaired.  In  other  respects 
His  normal.  The  focus  for  distant  objects,  or  for  parallel  rays, 
'*  on  the  retina.  As  far  as  known,  the  trouble  is  a  want  of 
*laa»icity  jn  the  crystalline  lens,  whereby  it  fails  to  become  more 
convex,  or  shortens  its  focus  when  the  ciliary  muscle  relaxes  the 
e^ion  of  its  curtain. 

T^Oe  presbyopic  eye  resembles  a  camera  made  to  bring  distant 

jJ^eta  to  a  focus  on  the  ground  glass,  but  by  misuse  or  rust  the 

JUstment  apparatus  fails  to  focus  those  which  are  near. 

<*tl.   Hypermetropy  is  a  structural  defect;  it  is  the  true  reverse 

'       ^riyopy.     In   it  the  refractive  power  of  the  lens   is  below 

"?rTial,  and  parallel   rays  are   brought  to  a  focus  beyond  the 

"  aclc  pigment  instead  of  on  it.     While  the  power  of  adjust* 

"^"t    is  perfect,  objects  at  a  distance  are  brought  to  a  sharp 

i *■*<-■  as  on  the  retina,  but  this  is  not  possible  with  those  near  at 

Le  Gonte  likens  the  hypermetropic  eye  to  a  camera,  which 
Y>'\\to  entirely  pushed  up  is  too  short  for  imaging  any  objects; 
*\ien  drawn  out  will  bring  distant  ones  to  a  focus,  but  not 
tW  near  at  hand. 

Wi.  Astigmatism  is  a  structural  defect.  In  it  the  curvatures 
of  the  lenses  are  not  symmetrical.  An  upper  or  a  lateral  half 
d  the  lens,  or  cornea,  is  not  exactly  like  tho  opposite  half. 
The  rays  are  consequently  not  brought  to  a  focal  point  but  to 


J 


.  whi <_■  1 J    jll-t 
The  trouble 
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a  line.     They  may  be  brought  to  two  separate  foci,  thus  < 
stituting  diplopy,  or  double  vision.     Diplopy   also  arises  from 
the  concerted  action  of  two  dissimilar  eyes. 

fi63.  Spectacles  are  convergent  or  divergent  lenses  of  glass  or 
quartz  made  for  correcting  forms  of  abnormal  vision.  Each 
requires  its  proper  kind  of  lens. 

IbI.  Myopy  requires  concave  or  divergent  glass* 
correct  the  excessive  refraction  action  of  the  eye. 
being  structural,  they  should  be  worn  habitually. 

2d.  Presl'ijopii  needs  convex  glasses  to  bring  o 
hand  to  a  focus.  When  those  at  a  distance  are  examined  they 
are  removed.  They  should  not  be  worn  habitually,  but  only 
when  examining  objects  close  at  hand.  In  very  old  people, 
when  the  curvature  of  the  lenses  diminishes,  it  frcquenlly  be- 
comes necessary  to  use  convex  lenses  for  distant  objects. 

3d.  Hypermetropy  necessitates  the  habitual  use  of  convex  spec- 
tacles to  make  the  action  normal.  As  age  advances,  two  pairs 
are  requisite,  one  for  distant  objects,  and  one  for  those  close  at 
hand. 

4th.  Astigmatism,  In  this  the  curvatures  of  the  different  parts 
of  the  eye  not  being  alike,  compound  sectional  lenses  must  be 
arranged  which  correct  these  departures  from  the  normal,  and 
produce  on  the  retina  a  single  well-denned  image.  When  the 
diplopy  depends  upon  a  simple  difference  between  the  eyes,  it 
can  be  corrected  by  selecting  n  lens  for  each  independently  of 
the  other. 

Spectacles  were  formerly  made  either  from  double  oonn  or 
double  concave  lenses.  These  have  now  been  replaced  by  the 
concave  or  convex  meniscus  (527),  placed  with  their  curvature 
in  the  same  direction  as  that  of  the  eye.  By  these  so-called 
periacopw  glasses  a  wider  range  of  vision  is  attained. 

In  (.Inking  this  article  on  spectacles,  we  giw  the  following 
excellent  advice  from  an  eminent  writer: 

"Men  engaged  in  literary  pursuits  should  read  most  by  day 
and  write  most  by  night.  It  is  worthy  of  note  that  reading 
causes  more  strain  to  the  eye  than  writing,  and  that  copying 
work  in  writing  makes  a  greater  demand  upon  the  OfftftB  of 
vision  than  off-hand  composition.  Twilight  and  a  mixture  of 
twilight  and  artificial  illumination  should  be  avoided  fbf  any 
kind  of  work.  The  pale  cobalt-blue  tint  is  the  best  that  can  be 
employed  when  protection  for  the  eye  from  intense  glare  is 
sought,  as  in  the  case  of  travelling  upon  snow-fields  in  bright 
sunshine.  The  green  glass  that  is  often  adopted  for  this  pur- 
pose is  not  by  any  means  so  worthy  of  confidence.  Reading  in 
railway  travelling  is  objectionable  iu  the  highest  degree  for  a 
very  obvious  reason.     The  oscillation  of  the  carriage  continually 
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alters  the  distance  of  the  page  from  the  eye,  and  so  calls  for 
unceasing  strain  in  the  effort  to  keep  the  organ  in  due  accom- 
modation for  the  ever-varying  distance  of  the  dancing  image." 

"The  exact  fitting  of  the  framework  of  spectacles  to  the  face  and 
eyes  is  of  more  importance  than  is  generally  conceived.     If  the 
centres  of  the  lenses  of  the  spectacles  do  not  accurately  coincide 
with  the  centres  of  the  pupils  of  the  eyes,  the  consequence  is 
that  the  images  iu  the  separate  eyes  are  a  little  displaced  from 
the  positions  which  they  ought  to  hold,  and  that  a  somewhat 
painful  and  injurious  effort  has  to  be  made  by  the  eye  to  bring 
those  images  back  into  due  correspondence  for  accurate  vision. 
An  incipient  squint  is  apt  to  be  in  this  way  produced.     People 
should  look  to  the  centring  of  their  spectacles  for  themselves. 
Tins  may  be  easily  done  by  standing  before  a  looking-glass  with 
the  spectacles  in  their  place.    If  the  lit  is  a  good  one,  the  centre 
°f  the  pupil  should  then  appear  in  the  centre  of  the  rim.     Fully 
formed  spectacles  are  always  to  be  preferred  to  folding  frames, 
b^ause  they  permit  of  more  satisfactory  adjustment  in  this  par- 
ticular, and  because  they  are  more  easily  kept  in  the  right  posi- 
tion with  regard  to  the  eyes.     The  only  advantage  which  the 
Pebble  or  quartz  enjoys  over  glass  for  the  construction  of  spec- 
^*cles  is  the  immunity  which  it  possesses  against  scratching  on 
*<?count  of  its  greater  hardness." 

4SQ4.  Binocular  Vision. — Hold  a  six-sided  pencil  vertically  at  a 
*VBtance  of  ten  inches  from  the  eye,  and  view  it  first  with  the 
^grbt,  and  then  with  the  left.  A  difference  is  perceived  in 
e*cl  case,  the  right  seeing  more  or  further  on  the  right  side, 
^*rlaile  the  left  sees  further  "on  the  left  side.    The  image  produced 


really  flat,  and  presents  only  two   dimensions,  length  and 

P**^adth,  as  in  a  picture.     When  we  view  the  object  with  both 

,  the  two  images  are  blended  into  one,  and  the  impression 

relief,  depth,  or  the  third  element  of  space  is  produced. 

Uegarding  the  impression  of  relief,  Weinhold  says,  "It  is 

*«  that  we  scarcely  fail  to  perceive  this  when  we  look  at 

*  ccU  with  one  eye  shut,  but  this  is  the  result  of  a  rapid  mental 

of  which  we  have  become  unconscious  in  consequence 

_  our  constant  experience  of  the  succession  of  things  in  depth. 

*""*  our  estimation  of  depth  in  space  is  not  trustworthy  if  we 

on  the  information   conveyed  by  one  eye  only.     An  ac- 

tely  drawn  picture  of  an  object  makes  the  same  impression 


uPoo  a  single  eye,  at  least  as  regards  the  external  form,  as  the 

°*>ject  itself,  for  one  eye  is  as  little  able  to  estimate  directly  the 

^eliative  distances  of  the  various  parts  of  the  object  as  the  picture 

l*    of  giving  a  direct  representation  of  these  distances.     As  a 

c°nsequence  of  this,  a  picture  produces  the  greatest  resemblance 

*°  reality  when  viewed  with  one  eye  only ;  as  soon  as  the  other 
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eye  is  opened,  the  picture  presents  of  course  the  same  aspect  to 
either  eye,  and  the  difference  between  it  and  the  appearance  of 
the  real  object  is  at  once  detected.  Thus  after  viewing  with  one 
eye  the  picture  of  a  church  interior,  or  of  a  row  of  pillars,  the 
depth  of  the  space  represented  will  make  the  impression  of 
reality.  This  illusion,  however,  will  at  once  be  destroyed  on 
opening  the  other  eye ;  the  parts  of  the  picture  which  form  the 
foreground  appear  to  recede,  the  background  seems  to  move 
forward,  and  the  whole  merges  into  the  flat  surface  of  the 
picture." 


=" X! 
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565.  The  Stereoscope  is  an  instrument  by  which  the  impression 
of  relief  is  produced  by  a  combination  of  two  pictures  of  any 
object  taken  at  a  proper  angle  to  each  other.     Each  eye  sees 
only  the  picture  opposite  it,  but  by  suitable  catoptric  or  dioptric 
contrivances,  the  images  are  made  to  coincide,  and  appear  in 
the  same  place.     Weinhold  makes  the  principle  involved  very 
clear  in  the  following  diagram  and  explanation  based  on  tb« 
dioptric  method. 

uLet  the  left  eye  be  at  A,  Fig.  257,  and  the  right  at  B;  l*1 

a  and  b  be  the  corresponding  pictures  for  each  eye,  and  Px  and  ** 

two  prisms  of  glass  through  which  tl*^- 
are  seen.     A  prism  refracts  rays  of  li^     t 
so  that  objects  viewed  through  it  aPP^?€ 
to  be  nearer  to  the  refracting  edge ;  V**  <v 
prism   Pp   therefore,   refracts   the    t~^ 
a  P.  in  the  direction  P,  A,  as  if  it  p 
ceeaed  from  c.     The  prism  Pf  refra 
the  ray  b  Pr  so  that  to  the  eye  at  B* 
also  appears  to  proceed  from  <\    T 
effect  of  this  is — provided  that  the  t 
pictures,  a  and  6,  are  drawn  just  as 
body  at  c  would  appear  to  the  eyes 
A  and  B,  if  the  prisms  were  not  the 
that  the  object  really  appears  to  be  at 
And  ad  the  points  a  and  b  combine 

form  the  point  t\  so  d  and  e  unite  to  form  the  point/,  g  and  A 

form  the  point  i\" 

Similar  effects  of  relief  may  be  produced  by  the  projecti 

on   the  same  spot  of  two  photographic  images  of  any  obj 

taken  at  a  suitable  angle  to  each  other. 

566.  Siie   and  Distance  of  Objects. — Our  estimation  of  th 
depends:  1st,  upon   comparison  with  those  of  known  sire 
the  same  locality  ;  id,  upon  the  visual  angle :  3d,  upon  the  opt 
angle.  Regarding  the  latter,  l*anot  says :  **  This  angle  increasi" 
or  diminishing  according  as  objects  approach  or  recede,1 


it 
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■move  our  eyes  80  us  to  make  their  optic  axes  converge  towards 
~£he  object  which  we  are  looking  at,  and  thus  obtain  an  idea  of 
-its  distance.  Nevertheless,  it  is  only  by  long  custom  that  we 
.^ati  establish  a  relation  between  our  distance  from  the  objects 
,«3»<]  the  corresponding  motion  of  the  eyee.  It  is  a  curious  feet 
-c  hat  persons  born  blind,  whose  sight  has  been  restored  by  au 
-*L»peration  for  cataract,  imagine  at  first  that  all  objectB  are  at 
^»e  distance." 

The  phenomena  presented  by  the  action  of  the  retina  apper- 
■trsiin  rather  to  physiology  than  to  physics.  An  admirable  dis- 
<7U*sion  of  these  and  of  all  matters  connected  with  vision  will 
l>e  found  in  Le  Conte's  book  on  "  Sight." 
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THE   MICROSCOPE   AND  THE   TELESCOPE. 

^"*  simple  microscope — The  cum  pound  microscope — Paris  of  modern  miero- 
Kope — Dry  object  ires — Immersion  objectives — Choosing  and  testing  objec- 
tive*— Eye-pieces — Tube  and  accessories — The  body — The  stage — Focussing 
ipparatus — The  -land  or  foot — Illumination — Simple  axial  illumination — 
Diaphragms — Condensed  aiial  illumination— Oblique  illumination  — Re- 
jected illumination  —  Polarized  i  llu  mi  mi  tion— Sources  of  illumination — 
Augmentation  of  magnifying  power— Measurement  of  magnifying  power — 
Care  of  microacope — Care  of  the  eyes — Errors  in  interpretation — Non. vital 
motion — Binocular  and  chemical  microscopes— Fixation  of  images — Prepa- 
ration of  slide!1  and  covers — Preparation  of  objects — Hardening  and  section- 
cutting— Simple  microtome— Injection— Staining— Chemical  testing— Pre- 
servative medium — The  microscope  and  disease  germs— Telescope. 

Tee  microscope  and  the  telescope  are  inelruments  which 
^*^r>end  upon  refraction  for  their  action.  Their  function  is 
**  assist  normal  vision.  The  former,  as  its  name  indicates, 
^Hables  us  to  find  and  magnify  minute  objects,  and  determine 
J*[»^ir  structure  and  the  relation  of  their  parts  to  each  other. 
Jf*ht  latter,  to  discover  and  satisfactorily  examine  objects  at  a 
distance. 

To  physicians,  the  microscope  is  by  far  the  more  important 

**f  these  instruments,  and  since  the  requirements  of   modern 

Medicine   demand  not  only  a  knowledge  of  its  parts  and  their 

v»e,but  also  the  methods  of  preparing  various  objects  for  exam- 

natUM),  a  brief  description  of  these  has  been  given  in  the  latter 

part  of  this  Chapter. 
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667.  The  Simple  Microscope  consists  of  a  convex  lens  (528)  of 
short  focus,  suitably  mounted;  it  is  often  called  a  magnifying 
glass,  and  is  commonly  used  as  a  dissecting  microscope.  The 
object  is  placed  between  the  lens  and  its  principal  focus  (580;, 
when  an  erect  and  magnified  image  (534,  535)  is  produced. 
A  very  good  impromptu  instrument  may  be  formed  by  making 
a  circular  hole  in  a  piece  of  thin  metal,  card-board,  or  wood 
and  suspending  a  small  drop  of  clear  water  in  the  aperture. 

In  the  earliest  and  simplest  forms,  the  lens  is  a  double-convex 
of  equal  curvatures;  there  is  consequently  serious  spherical  (536) 
and  chromatic  aberration  (538)  in  the  image.  To  reduce  the 
spherical  aberration  diaphragms  and  stops  (542)  are  employed.  It 
is  also  greatly  diminished  by  the  use  of  two  plano-convex  lenses, 
with  the  plane  faces  turned  towards  the  object.  Improved  defi- 
nition under  equal  power  is  thus  gained  with  moderate  low  of 
illumination.  This  combination  is  known  as  the  Wollaston 
doublet.     Other  methods  are  described  in  (536). 

Chromatic  aberration  may  be  avoided,  when  desired,  by  the  v& 
of  an  achromatic  lens  (539). 

The  distinctness  of  the  image  depends  largely  on  the  positi°^ 
of  the  eye.  The  object  and  eye  should  be  in  the  line  of  *^€ 
principal  axis  of  the  lens  (526)  and  maintained  at  the  pn>pe 
focal  distance. 

The   magnifying  power  is  usually  measured  in  diameters      ° 
linear  increase.   It  is  the  ratio  of  the  apparent  to  the  real  diame  ^^. 
of  the  object,  both  being  viewed  at  the  same  distance.     ^°^~\K 
ing  powers  as  high  as  120  diameters  are  reached  in  sim^^p  ^ 
microscopes.     Magnifying  power  is  also  measured  in  terms       *~  ^ 
the  focal  distance  of  the  lens,  e.  g.,  two  inch,  half  inch,  etc.,  t  ^% 
greater  power  belonging  to  that  of  shorter  focus.  ^ 

When  used  for  dissection  the  lens  is  generally  mounted       **  - 
some  form  of  stand.     "  Lenses  most  serviceable  for  haud  magr"-"* 
fiers  range  in  focal  length   from  two  inches  to  half  an  incl 
and  a  combination  of  two  or  three  in  the  same  handle  with 
intervening  perforated  plate  of  tortoise-shell  (which  serves  as 
diaphragm  when    used  together)   will   be   found   very   useft 
When  such  a  magnifying  power  is  desired  as  would  require 
lens  of  a  quarter  of  an  inch  focus,  it  is  best  obtained  by  the  sul 
stitution  of  a  'Coddington.  *  "' 

The  CotUingfan  lens.     »•  The  first  idea  of  this  was  given  by  Di 
Wollaston,  who  proposed  to  apply  two  plano-convex  or  hem        %~ 
spherical  lenses  by  their  plane  sides  with  a*  stop'  interpose 
the  central  aperture  of  which  should  be  equal  to  one-fifth  of  tl 
focal  length.     The  great  advantage  of  such  a  lens  is,  that  tl 
oblique  pencils  pass,  like  the  central  ones,  at  right-angles  to  th^^*3 
surface,  so  that  they  are  but  little  subject  to  aberration.    Tt-"-»c* 
idea  was  further  improved  upon  by  Sir  1>.  Brewster,  who  pointer^** 


e  much  better  answered  by  taking 
;  a  deep  groove  in  its  equatorial 
led  with  opaque  matter,  bo  as  to 
.finiit  the  central  aperture.  Such  a  lens  gives  a  large  field  of 
vfoKj  admits  a  considerable  amount  of  light,  and  is  equally 
<rood  in  all  directions,  but  its  power  of  definition  is  by  no  means 
equal  to  that  of  an  achromatic  lens,  or  even  of  a  doublet.  This 
fiorm  is  chiefly  useful,  therefore,  as  a  hand  magnifier,  in  which 
neither  high  power  nor  perfect  definition  is  required;  its  pecu- 
liiir  qualities  rendering  it  superior  to  an  ordinary  lens  for  the 
crlass  of  objects  for  which  a  hand  magnifier  of  medium  power 
is  required.  Many  of  the  magnifiers  sold  as  'Coddington' 
leose§,  however,  are  not  really  portions  of  spheres,  but  manu- 
factured out  of  ordinary  double-convex  lenses,  and,  therefore, 
iJo.-  t itute  of  the  special  advantages  of  the  real  'Coddington.'  " 

The  Stanhope  (ens  somewhat  resembles  liie  preceding  in  ap- 
f>«***raiice,  but  differs  from  it  essentially  in  properties.  It  is 
nothing  more  than  a  double-convex,  having  two  surfaces  of  un- 
equal  curvatures,  separated  from  each  other  by  a  considerable 
thickness  of  glass ;  their  distances  so  adjusted,  that  when  the 
iaost  convex  is  turned  towards  the  eye,  minute  objects  placed 
on    the  other  shall  be  in  the  focus  of  the  lens. 


5#3C  The  Compound  Microscope  in  its  simplest  form  consists  of 
t«o    convex  lenses.  Fig.  258,  one  0  L,  of  short,  and  the  other, 


~    I.,  of  long  focus,  mounted  on  the  same  optical  axis  O  E. 

'he  shorter  Tbcus  is  placed  near  the  object  0  ;  it  is,  therefore, 

^Hed  the  objective.    The  image  formed  by  this  is  viewed  through 

*■*•  other,  K  J.,  by  the  eye  placed  at  E;  it  iB  called  the  eye-piece. 

The  principle  involved  in  the  action  of  the  compound  micro- 

l^'Ofie  is  illustrated  in  Fig.  259.     The  object  A  B  is  placed  a 

11  tie  further  from  the  objective  0  than  its  focal  distance  F;  a 

_  ,^*»]  image  magnified  and  inverted  is  produced  on  the  opposite 

/    ''It' of  the  lens  at  A'  B'.    This  is  viewed  at  E  through  the  second 

ijr*>s  D  in  such  a  way  that  it  is  between  the  lens  D  and  its  focus 


.  way  ! 
-     Thus  examined,  a 
sseen  at  a'  f/. 
"The  final  image  a'b' 


id  still  further  magnified  imagi 
erect  as  regards  A'  B',  but  inverted  a 
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regards  the  object  A  B.  A  compound  microscope,  therefore,  is 
a  u  simple  microscope  applied  not  to  the  object,  but  to  its  image 
already  maguified  by  the  first  lens." 

Fio.  259. 


Relation  of  ej*>piece  and  ot^ectire. 

569.  Parts  of  a  Modern  Microscope. — From  the  simplest  form* 
great  departures  have  been  made,  which  render  it  necessary  *° 
take  up  the  consideration  of  the  several  parts  of  the  instrumcnt 
It  is  to  be  remembered,  however,  that  in  all  cases  the  principj6* 
involved  remain  the  same  as  in  that  already  described.    T"* 

[>arts  may  be  discussed  in  the  following  order:  1st  ObjeetivC* 
>oth  dry  and  immersion.  2d.  The  eye-piece.  3d.  The  sb**1 
or  tube,  with  the  attached  parts.  4th.  The  stage.  5th.  T»J* 
methods  of  illumination.  6th.  The  source  of  illumination.  7*^ 
Arrangement  of  magnifying  power.  To  these,  miscellanea11* 
subjects  relating  to  the  care  of  the  instrument,  preparation  ° 
objects,  etc.,  may  be  added. 

570.  Dry  Objectives. — The  simple  double-convex  lens,  describ^j 
in  (56$ »%  has  long  since  given  way  to  objectives  of  greater  ***" 

greater   complexity   of  structure.     This  \%** 
Km.  :>*>  been  found  uecessiarv  in  order  to  obtain  tt** 

high  magnifying  powers  reouired  in  biolo^1 
cal  and  other  researches.  Not  only  are  ^* 
microscopes  now  fitted  with  achromatic  obj^"^ 
fives,  but  these  are  sometimes  made  up  of  i 
number  of  such  lenses.  In  Fig.  260  an  c*^3 
jective  of  this  character,  consisting  of  tbr«^ 
achromatic  lenses,  l.ii  each  composed  of 
double-convex  crown,  and  a  plano-convex  fli  ^p 
is  represented.  In  addition  to  an  increase  *»' 
the  number  of  lenses  contrivances  for  cbam  ^ 
ing  their  distance  from  each  other  are  adde-^ 

whervby  corrections  to-  thickness  of  cover  on  the  object  **  ** 

made.     .<  b  /  represents  the  angular  aperture. 

While  greater  ivrtevtiou  :s  iheorerieaHv  attained  bv  inc 
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in  the  number  of  lenses,  there  is  an  additional  loss  of  light  by 
virtue  of  the  numerous  surfaces  and  media  through  which  it  is 
obliged  to  pass.  In  the  objective  we  have  described  there  are 
twelve  surfaces  to  be  accurately  ground,  and  fitted  to  each  other. 
This  implies  considerable  liability  to  imperfection  in  workman- 
ship; the  fewer  the  surfaces,  the  less  the  liability  to  error  as  well 
as  the  less  the  loss  of  light.  To  gain  the  advantages  arising 
from  a  smaller  number  of  lenses,  Amice  substituted  a  single 
plano-convex  of  crown  glass  in  the  front  combination,  thus 
reducing  the  surfaces  to  ten.  This  has  again  been  modified  by 
adding  a  lens  to  the  back-combination.  Such  objectives  consist 
of  two  flint-concaves  and  four  crown-convexes.  In  more  recent 
combinations,  the  chromatic  correction  is  made  "entirely  in  the 
middle  lens  by  a  double-concave  of  dense  flint  between  two 
couvexes  of  crown,  both  back  and  front  lenses  being  simple 
plano-convexes  of  crown ;  the  surfaces  have  thus  been  again 
reduced  to  ten." 

No  objective  of  a  given  power  can  do  all  the  work  required 
of  it  to  perfection.  Especially  is  this  so  with  high  powers.  The 
following  qualities  are  involved  in  the  action  of  a  microscope 
objective. 

1st.  Magnifying  power.  This  has  been  discussed  in  the  simple 
microscope  (5G7). 

2d.  Angle  of  aperture  and  numerical  aperture.  The  first  of 
these  has  been  described  in  article  (526).  It  is  also  shown  at 
«  fc  e  in  the  achromatic  combination,  Fig.  260.  Regarding  Pro- 
fessor Abbe's  system  of  numerical  aperture,  Professor  Carpenter 
writes : 

44  It  can  be  easily  demonstrated  mathematically,  that  the  '  aper- 
ture'of  a  single  lens  used  as  a  magnifying  glass — that  is,  its 
capacity  for  receiving  and  bringing  to  a  remote  conjugate  focus, 
the  rays  emanating  from  the  axial  point  of  an  object  brought 
very  near  to  it — is  determined  by  the  ratio  between  its  absolute 
diameter  (or  clear  4  opening ')  and  its  focal  length ;  while  that 
of  an  ordinary  achromatic  objective,  composed  of  several 
lenses,  is  determined  bv  the  ratio  of  the  diameter  of  its  back 
lens  too  far  as  this  is  really  utilized)  to  its  focal  length. 

44  When,  however,  the  medium  in  which  the  objective  works 
**  not  air,  but  a  liquid  of  higher  refractive  index — such  as  water 
or  oil — an  additional  circumstance  has  to  be  taken  into  consid- 


greater  *  aperture '  than  one  of  90°  in  water;  and  the  latter  a 
greater  aperture  than  90°  in  air. 

"Taking  as  a  standard  of  comparison  a  i  dry  '  objective  of  the 
Maximum  theoretical  angle  of  180°,  whose  numerical  aperture 

81 
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is  the  sine  of  90°,=radius  or  1.00,  we  find  this  standard  to  be 
equalled  by  a  *  water '  immersion  objective  of  only  96°,  and  by 
an  '  oil '  or  4  homogeneous '  immersion  lens  of  only  82° ;  the 
4  numerical  apertures '  of  these,  obtained  by  multiplying  the  sines  of 
their  respective  semi-angles  by  the  refractive  index  of  water  in  one^x 
and  of  oil  in  the  other,  being  1.00  in  both.  Each,  therefore,  will  have 
as  great  a  power  of  receiving  and  utilizing  divergent  rays,  aa 
any  4  dry '  lens  can  even  theoretically  possess, — an  angle  of 
nearly  70°  being  the  limit  of  what  is  practically  attainable. 
But  as  the  actual  angle  of  an  4  immersion '  objective  can  be 
opened  out  to  the  same  extent  as  that  of  an  'air'  objective, it 
follows  that  the  4  aperture '  of  the  former  can  be  augmented  far 
beyond  even  the  theoretical  maximum  of  the  latter ;  the  maxima 
of  numerical  aperture  being  1.52  for  oil-immersion,  and  1.33  for 
water-immersion  objectives,  as  against  1.00  for  4  dry ; '  and  these 
being  nearly  attainable  in  practice. 

"This  important  doctrine  may  be  best  made  practically  in- 
telligible by  a  comparison.  Fig.  261,  of  the  relative  diameter* 
of  the  back  lenses  of  4dry  '  with  those  of  4  water'  and  *  oil  * 
immersion  objectives  of  the  same  power,  from  an  *  air-angle' of 
60°   to  an  4  oil-angle'  of  180°;  tnese  diameters  expressing  in 
each  case  the  opening  between  the  extreme  pencil-forming  ray8 
at  their  issue  from  the  posterior  surface  of  the  combination,  to 
meet  in  their  conjugate  foci  for  the  formation  of  the  image;  fo 
extent  of  which  opening  in  relation  to  focal  length  (not  that  of  the 
rays  entering  the  objective)  is  the  real  measure  of  the  aperture  of  ^ 
coynbinatiofn.     The  dotted  circles  in  the  interior  of  1  and  2  are  of 
the  same  diameter  as  3;  and,  therefore,  show  the  excess  in  th« 
diameters  of  the  back  lenses  of  the  4  oil  *  and  4  waiter '  imni^ 
sion-objectives,  over  that  of  the  4  dry  '  at  their  respective  th^0" 
retical  limits. 

"A  wide-angled  4  immersion' objective  can  utilize  rays  fro** 
an  object  mounted  in  a  dense  medium,  such  as  balsam,  wh»c*! 
are  entirely  lost  when  the  same  object  is  in  air,  or  is  obser*^ 
through  a  film  of  air.  And  this  loss  cannot  be  compensated  J**1 
by  an  increase  of  illumination  ;  because  the  rays  which  are  1^* 
are  different  rays,  physically,  from  those  obtained  by  any  illuf*31 
nation,  however  intense,  in  a  medium  like  air. 

44  It  is  by  increasing  the  number  of 'diffraction  spectra/  tfc*J 
the  rays  admitted  from  the  object  contribute  to  the  'resolvi*3. 
power'  of  the  objective  for  lined  and  dotted  objects;  the  trc».* 
of  the  image  formed  by  the  recombination  of  these  spectra  beir» I 
as  formerly  shown,  essentially  dependent  upon  the  augmentatm  <$ 
of  the  number  which  the  objective  can  be  made  to  receive. 

"Upon  the  4  aperture  '  of  an  objective  are  dependent  \\\     Jft 

illuminating  power,  (2)  its  resolving  power,  and  (3)  its  p^tie* 

itrating  power; — the  first  varying  as  the  square  of  the  numeric*' 
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aperture,  the   second  being  in  direct,  and  the  third  in  inverse 
proportion  to  the  numerical  aperture." 

3d.  Working  tHat/awe  is  the  actual  apace  between  the  front 
element  of  the  objective  and  the  object.  It  does  Dot  bear  a  fixed 
i-«*Iation  to  the  focal  length,  for  while  „__  „„, 

c-fa  is  U  equal  to  the  magnifying  power 
of  a  single  lens  of  giveu  curvature, 
tbe  working  distance  dependa  upon 
the  manner  in  which  the  parts  or  ele- 
ments of  the  combination  are  con- 
Mi  ■  MUlliill.  and  upon  its  angular  aper- 
tnrA  Increase  is  not  only  of  advan- 
tage  in  securing  side  illumination, 
but  of  vital  importance  in  the  highest 
|. toilers  to  gain  sufficient  space  for  the 
covering  glass,  as  well  as  for  attaining 
the  required  penetration  and  resolving 
properties. 

4th.  Defining  power  depends  upon  the 
perfection  of  the  correction  for  spheri- 
cs.1  and  chromatic  aberration,  especially 
•|poii  the  first.  In  immersion  lenses 
ti  u,.-r  molts  may  be  attained  with  wide 
*r'gle  lenses  than  in  the  dry  system. 
T*  i  ie  character  of  the  eye-piece  exercises 
*■*»  important  influence  on  this  quality, 
*_***!  should  always  be  taken  into  con- 
*l  *  It-ration  in  forming  a  correct  judg- 
°;"*^nt  of  defining  power.  The  estima- 
'■^•nof  this  is  obtained  by  comparing 
"-"^action  of  different  lenses  upon  some  object  with  which  the 
e3c»!niner  is  familiar. 

Qts.   Penetrating  power,  or  focal  depth,  is  the  vertical   depth 
at»^)ve  and  below  the  true  focal  plane  through  which  objects 
"^^■jbe  defined  with  sufficient  clearness  to  make  out  their  cor- 
relations to  others  in  that  plane.     In  opaque  objects  this 
'l^ality  is  of  the  utmost  importance.    In  watching  the  actions  in 
?   living  organism,  as  amoeba,  it  is  also  essential.     In  an  exceed- 
."*.^rlv  thin  membrane,  on  the  contrary,  all  portions  being  nearly 
"*    the  same  plane,  it  is  objectionable,  since  it  demands  a  certain 
***>rifiee  in  sharpness  of  definition.     As  a  rule,  it  may  be  said, 
l**t  objectives  of  the.  longeBt  working  distance  have  the  greatest 
■^  let  ration ,  while  those  of  wider  aperture  have  lower. 
(.     *^th.  Jiesoli'ing  power  is  the  property  of  separating  and  clearly 
^fining  very  closely  placed  dots  or  lines.     It  strengtheue  with 
i-**^t-ease  in  angular  aperture,  not  on  account  of  the  greater  ob- 
''tuity  of  the  rays  entering  the  lens,  but  of  its  power  to  recom- 
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bine  the  diffraction  spectra  produced.  For  the  best  working  of 
the  lens  in  the  resolution  of  surface  markings,  the  oroper  degree 
of  obliquity  must  be  given  to  the  illumination.  \VTien,  on  the 
contrary,  it  is  desired  to  determine  special  points  in  relation  to 
internal  structure,  as  the  process  of  division  in  cell-nuclei,  axial 
illumination  is  preferable.  Prof.  Abbe  has  shown  that  the 
maximum  resolving  power  attainable  with  an  angular  aperture 
of  180  degrees  is  equal  to  118,000  lines  to  the  inch.  A  reduc- 
tion of  the  aperture  to  106  degrees,  lowers  the  number  to  about 
94,000. 

7th.  Flatness  of  field  determines  the  practical  extent  of  the 
field  of  the  instrument.     With  some  objectives  the  marginal 
portions  of  an  object  are  indistinguishable,  while  the  central 
parts  are  in  sharp  focus.     Regarding  this  property,  Prof.  Car- 
penter writes:  "With  a  really  good  objective,  not  only  should 
the  image  be  distinct  even  to  the  margin  of  the  field,  but  the 
marginal  portion  should  be  as  free  from  color  as  the  central 
In  many  microscopes  of  inferior  construction,  the  imperfection 
of  the  objectives  in  this  respect  is  masked  by  the  contraction  of 
the  aperture  of  the  diaphragm  in  the  eye-piece  which  limit*  the 
dimensions  of  the  field;  and  the  performance  of  one  objective 
within  this  limit  may  scarcely  be  distinguishable  from  that  ot 
another,  although,  if  the  two  were  compared  under  an  eye-piece 
of  larger  aperture,  their  difference  of  excellence  would  be  at 
once  made  apparent  by  the  perfect  correctness  of  one  to  the 
margin  of  the  field,  and  by  the  entire  failure  of  the  other  in 
every  part  save  its  centre.     In  estimating  the  relative  merits  of 
two  lenses,  therefore,  as  regards  this  condition,  the  comparison 
should  be  made  under  an  eye-piece  giving  a  larger  field." 

8th.    Cover   adjustment.      Again   we    quote    from    the  satn€ 
authority :  "  When  objectives  of  short  focus  and  of  wide  angul** 
aperture  are  in  use,  something  more  is  necessary  (save  in  t^ 
case    of  4  homogeneous-immersion '   lenses)   than    exact    f<*jT 
adjustment ;  this  being  the  adjustment  of  the  oltjective  itself,  wbi4* 
is  required  to  neutralize  the  disturbing  effect  of  the  glass  co^ef 
upon  the  course  of  the  rays  proceeding  from  the  object, — unl^* 
(as  in  the  objectives  now  commonly  made  for  students'  niic*"° 
scopes)  they  are  constructed  for  working  only  with  cover-glas^^! 
of  a  certain  standard  thickness.     For  such  adjustment,  it  &^* 
be  recollected,  a  power  of  altering  the  distance  between  tJ^ 
front  pair  and  the  remainder  of  the  combination  is  require ** 
and  this  power  is  obtained  in  the  following  manner:  The  frc^* 
pair  of  lenses  is  fixed  into  a  tube,  Fig.  262,  A,  which  slides  o 

interior  tube,  B,  by  which  the  other  two  pairs  are  held ; 

It  drawn  up  or  down  by  means  of  a  collar,  C,  which  works 

brrow  cut  in  the  inner  tube,  and  upon  a  screw-thread  cut 
outer,  so  that  its  revolution  in  the  plane  to  which  it  is  fix 
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Fio.  262. 


Adjustment  for  cover. 


by  the  one  tube  gives  a  vertical  movement  to  the  other.    In 
one  part  of  the  outer  tube  an  oblong  slit  is  made,  as  seen  at  D, 
into  which  projects  a  small  tongue  screwed  on  the  inner  tube; 
at  the  side  of  the  former  two  hori- 
zontal lines    are    engraved,  one 
pointing  to  the  word' 4  uncovered,' 
the  other  to  the  word  'covered;' 
whilst  the  latter  is  crossed  by  a 
horizontal  mark,  which  is  brought 
to  coincide  with  either  of  the  two 
lines  by  the  rotation  of  the  screw- 
collar,  whereby  the  outer  tube  is 
moved  up  or  down.     When  the 
mark  has  been  made  to  point  to 
the  line  '  uncovered,'  it  indicates 
that  the  distance  of  the  lenses  of 
the  object-glass  is  such  as  to  make 
it  suitable  for  viewing  an  object 
without  any  interference  from  thin 
glass;  when,  on  the  other  hand, 
the  mark  has  been  brought  by  the 
revolution  of  the  screw-collar  into  coincidence  with  the  line 
*  covered,'  it  indicates  that  the  front  lens  has  been  brought  into 
8uch  proximity  with  the  other  two,  as  to  produce  a  *  positive 
aberration '  in  the  objective,  fitted  to  neutralize  the  *  negative 
aberration '  produced  by  the  interposition  of  a  glass  cover  of 
extremist  thickness.     But  unless  this  correction  be  made  with 
the  greatest  precisiou  to  the  thickness  of  the  particular  cover  in 
Q*e,  the  enlargement  of  the  angle  of  aperture,  to  which  opticians 
"*ve  of  late  applied  themselves  with  such  remarkable  success, 
becomes  worse  than  useless;  being  a  source  of  diminished  in- 
stead of  increased  distinctness  in  the  details  of  the  object,  which 
Mrfc  far  better  seen  with  an  objective  of  greatly  inferior  aperture, 
possessing  no  special  adjustment  for  the  thickness  of  the  glass. 
The  following  general  rule  is  given  by  Mr.  Wenham  for  securing 
*he  most  efficient  performance  of  an  object  glass  with  any  ordi- 
^ f«y  °bject :  *  8elect  any  dark  speck  or  opaque  portion  of  the 
object,  and  bring  the  outline  into  perfect  focus ;  then  lay  the  finger 
0,1  the  milled-head  of  the  fine  motion,  and  move  it  brisklv  back- 
JJ-arda  and  forwards  in  both  directions  from  the  first  position. 
Observe  the  expansion  of  the  dark  outline  of  the  object,  both 
w«en  within  and  when  without  the  focus.     If  the  greater  ex- 
P^aion,  or  coma  (537),  is  when  the  object  is  without  the  focus, 
0r  furthest  from  the  objective,  the  lenses  mast  be  placed  further 
^Qnder,  or  towards  the   mark  *  uncovered.'      If  the   greater 
^otnais  when  the  object  is  within  the  focus,  or  nearest  to  the 
objective,  the  lenses  must  be  brought  closer  together,  or  towards 


the  mark  'covered.'  When  the  object-glass  is  in  proper  ad- 
justment, the  expansion  of  the  outline  is  exactly  the  same  both 
within  and  without  the  focus.'" 

671.  Immersion  Objectives. — Amid  first  showed  that  the  inter- 
vention of  a  drop  of  water  between  the  object,  or  its  covering 
glass,  and  the  front  lens  of  the  objective,  greatly  diminished 
the  loss  of  light.  This  was  afterwards  utilized  by  Hartnack 
and  Nachet,  in  the  construction  of  the  so-called  ir»mfrsit»i-!>  rt.sv.* 
of  high  power  and  wide  aperture.  In  discussing  this  system 
Prof.  Carpenter  says : 

"  The  loss  of  light  increases  with  the  obliquity  of  the  incident 
rays;  so  that  when  objectives  of  very  wide  angle  of  aperture  are 
used  'dry,'  the  advantages  of  its  increase  are  in  great  degree 
nullified  by  the  reflection  of  a  large  proportion  of  the  rays  fall- 
ing very  obliquely  upon  the  peripheral  portion  of  the  front  leus. 
When,  on  the  other  hand,  rays  of  tb.fi  same  obliquity  enter  the 
peripheral  portion  of  the  lens  from  water,  the  loss  by  reflection 
is  greatly  reduced,  and  the  benefit  derivable  from  the  large 
aperture  is  proportionally  augmented.  Again,  the  'immersion 
system'  allows  of  a  greater  working  distance  between  the  ob- 
jective and  the  object  than  is  otherwise  attainable  with  the  same 
extent  of  angular  aperture;  and  this  is  a  great  advantage,  not 
merely  in  regard  to  convenience  in  manipulation,  but  also  in 
giving  a  greater  range  of  penetration  or  '  focal  depth.'  Further, 
the  observer  18  rendered  less  dependent  upon  the  exactness  in 
the  correction  for  the  thickness  of  the  covering-glass,  which  is 
needed  where  objectives  of  large  angle  are  used  'dry,'  for  as  the 
amount  of 'negative  aberration'  is  far  smaller  when  the  rays 
which  emerge  from  the  covering-glass  pass  into  water,  than 
when  they  pass  into  air,  variations  in  its  thickness  produce  a 
much  less  disturbing  effect.  And  thus  it  is  found  praoti 
that  'immersion'  objectives  can  he  constructed  with  magnifying 
powers  sufficiently  high,  and  angular  apertures  sufficient!; 
(or  all  the  ordinary  purposes  of  scientific  investigation,  without 
any  necessity  for  cover  adjustment;  being  originally  adapted  to 
give  the  beBt  results  with  a  covering-glass  of  suitable  thinnm, 
and  small  departures  from  this  in  either  direction  occasioning 
very  little  deterioration  in  their  performance.  For  'water-im- 
mersion'  objectives  of  the  very  largest  aperture,  however,  to  bo 
used  upon  the  most  difficult  objects,  exact  cover-correcti 
still  necessary.  Whilst  'immersion'  objective!  constructed  on 
the  original  plan  can  only  be  employed  'wet'  (that  is,  with  the 
interposition  of  water),  Messrs.  Powell  and  Lealand,  followed 
by  other  makers,  have  so  arranged  their  combinations,  that  bv 
a  change  in  the  front  lens  they  may  be  used  'dry.'  as  in  thY- 
ordiuary  manner.     And  in  Mr.  Wennam's  system  not  even  this 
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change  is  required,  the  change  from  *  wet'  to  '  dry/  and  vice  versa, 
Wing  accomplished  by  an  alteration  in  the  distance  of  the  front 
Wb  from  the  middle  triplet,  made  by  the  screw  collar,  as  in 
ordinary  cover-correction. " 

"Homogeneous  immersion   consists  in  the  replacement  of  the 
water  previously  interposed  between  the  covering-glass  and  the 
front  surface  of  the  objective,  by  a  liquid  having  the  same  re- 
fractive aud  dispersive  power  as  crown-glass ;  so  that  the  rays 
issuing  at  any  angle  from  the  upper  plane  surface  of  the  cover- 
ing-glass, shall  enter  the  plane  front  of  the  objective  without 
an  if  change  either  by  refraction  or  dispersion,  and  without  any 
sensible  loss  by  reflection— even  the  most  oblique  rays  proceeding 
in     their  undeflected  course,  until  they  meet  the  convex  back 
8U  rface  of  the  front  lens.     It  is  obvious  that  all  the  advantages 
derivable  from  the  system  of  water  immersion  are  obtainable 
with  still  greater  completeness  by  this  system  of  homogeneous 
immersion,  provided  that  a  fluid  can  be  found  which  meets  its 
requirements.     After  a  long  course  of  experiments.  Prof.  Abbe 
discovered  that  oil  of  cedar-icood  so  nearly  corresponds  with  glass, 
alike  in  refractive  and  in  dispersive  power,  that  it  serves  the 
purpose  extremely  well,  except  when  it  is  desired  to  take  special 
advantage  of  the  most  divergent  or  marginal  rays,  oil  of  fennel 
being  then  preferable.     Objectives  of  -J-th,  -j^th,  and  ^th  inch 
fooal  length  have  been  constructed  on  this  plan  by  Zeiss ;  and  it 
appears  certain  that  by  its  means  a  larger  angle  of  aperture  can 
be  effectively  obtained  than  on  any  other  construction.    Whether 
*nj  tests  can  be  resolved  by  its  use,  on  which  other  objectives 
fail,  is  a  point  not  yet  satistiactorily  determined.     But  there  can 
be  no  doubt  that  the  system  of  4  homogeneous  immersion  '  will 
greatly  facilitate  the  use  of  objectives   possessing  the  largest 
angular  aperture,  and  capable  of  affording  the  highest  magnify- 
lnf?  power  for  the  ordinary  purpose  of  scientific  research.     It  is 
P*^cj«ely  in  the  case  of  such  objectives  that  the  *  cover-correc- 
tion '  needs  to  be  most  exact.  And  although  the  practised  micro- 
^opigt  has  no  difficulty  in  making  this,  when  the  object  at 
**nich  he  is  looking  (such  as  a  Diatom,  a  Podura-scale,  or  a 
kfcnd  of  Xobert's  ruled  lines)  is  known  to  him,  yet  the  case  is 
entirely  different  when  the  object  is  altogether  unknown.     For 
J1}    examining  such  an  object  he  may  be  only  able  to  satisfy 
'nni8elf  after  repeated  trials,  involving  much  expenditure  of 
«*ne  and  patience  as  to  the  cover-correction  which  gives  the 
trUe«t  representation  of  the  object;  whilst,  in  using  a'homo- 
?eneous '  or  *  oil-immersion  '  objective,  he  is  able  to  feel  an  abso- 
*?£?    ^rtainty  that,  without  any  adjustment  at  all,  the  view 
^'hich  he  gains  of  an  unknown  object  is  in  every  respect  at  least 
?*lt*Hl  to  that  which  he  can  obtain  from  the  best  *  dry  '  or  *  water- 
lrtlmer8ion '  objective,  most   exactlv  adjusted  for  thickness  of 
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572.  Choosing  and  Testing  Objectives. — "  The  most  perfect  ob- 
jective for  general  purposes  is  obviously  that  which  combines 
all  the  preceding  attributes  in  the  degree  in  which  they  are 
mutually  compatible.  But  it  seems  to  be  now  clear  that  the 
highest  perfection  of  the  two  primary  qualities,  '  defining 
power'  and  'resolving  power,'  cannot  be  obtained  in  the  same 
combination;  so  that  the  choice  between  two  objectives,  one 
distinguished  by  the  former  of  these,  and  the  other  by  the  latter, 
will  depeud  upon  the  work  on  which  it  is  employed. 

"  In  estimating  the  value  of  an  object-glass,  it  Bbould  always 
be  considered  for  what  purpose  it  is  intended ;  and  its  merits  judged 
of  according  to  the  degree  in  wbicli  it  fulfils  that  purpose.  We 
shall,  therefore,  consider  what  are  the  objects  proper  to  the 
several  'powers'  of  object-glasses — low,  medium,  and  high;  and 
what  are  the  objects  by  its  mode  of  exhibiting  which  each  may 
be  fairly  judged. 

"By  objectives  of  low  power  wc  may  understand  any  whose 
focal  length  is  greater  than  half  anmefi ;  they  give  a  range  of 
amplification  of  from  10  to  70  diameters  with  the  A  eye-piece, 
and  of  from  16  to  120  diameters  with  the  B  eye-piece.  An 
'  adjustable '  low  power  is  made  by  Zeiss,  of  Jena,  in  which,  by 
varying  the  position  of  the  front  lens  by  means  of  a  screw-collar, 
a  range  of  power  is  obtainable  from  about  8  to  16  diameters  with 
the  A  eye-piece,  and  from  12  to  24  with  t ho  B  eye-piece.  Objectives 
of  low  power  are  most  used  in  the  examination  of  opaque  objects, 
and  of  transparent  objects  of  large  size  and  of  comparatively 
coarse  texture:  and  the  qualities  most  desirable  in  them  are  a 
sufficiently  large  aperture  to  give  a  bright  image,  combined  with 
such  accurate  definition  as  to  give  a  clear  image,  with  '  to.  al 
depth  '  sufficient  to  prevent  any  moderate  inequalities  of  surface 
from  Beriously  interfering  with  the  distinctness  of  the  entire 
picture,  and  with  perfect  'flatness  '  of  the  image  when  the  ob- 
ject itself  is  flat.  The  proboscis  of  the  blow-fly  is  one  of  the 
best  transparent  objects  for  enabling  a  practised  eye  to  estimate 
the  general  performance  of  object-glasses  of  low  power;  since 
it  is  only  under  a  really  good  lens  that  all  the  details  of  its  struc- 
ture can  be  well  shown.  In  particular,  all  the  outlines  and 
edges  should  be  seen  clearly  and  sharply,  without  any  haze  or 
fringe;  the  tracheal  spires  and  rings  well-defined,  without  any 
color  between  them. 

"We  may  consider  as  objectives  of  medium  po/rer  the  half- 
inch,  Aths  inch,  +th  inch,  and  Ath  inch;  the  magnifying  power 
of  which  ranges  from  about  90  to  250  diameters  under  tin-  A 
jye-piece,  and  from  about  150  to  400  diameters  with  the  B  eg  b- 
piece.  When  used  by  reflected  light  they  can  be  advantageously 
employed  in  the  examination  of  such  small  oputptc  objects  as 
Diatoms,  Polcystines,  portions  of  small  feathers,  capsules  of  tl 
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leaser  mosses,  hairs,  etc. :  tliey  should  he  so  mounted  on  cones 
as  to  allow  of  aide  illumination.  The  great  value  of  these 
powers  lies  in  the  information  they  enable  us  to  obtain  regarding 
itie  details  of  organized  structures,  and  of  living  actions,  by  the 
examination  of  properly  prepared  transparent  objects  by  trans- 
mitted light.  No  single  object  is  so  useful  as  the  Podura-scak 
tor  the  purpose  of  testing  these  qualities  in  a  ^th  inch  or  |th 
LBOfa  "lijci-tive;  and  it  may  be  safely  said  that  a  lens  which 
brings  out  its  markings  satisfactorily  will  suit  the  requirements 
of  the  ordinary  working  microscopist,  although  it  may  not  re- 
-"isv  difficult  Diatoms, 

"All  object-glasses  of  less  than  £th  inch  focus  may  be  classed 
U  high  powers.  The  magnifying  powers  which  objectives  from 
(th  in  -jljth  inch  focus  are  fitted  to,  aft'ord  range  from  about  320 
ft)  IJ.'iO  diameters  with  the  shallower  eye-piece,  and  from  480  to 
1850  diameters  with  the  deeper:  but  by  the  use  of  still  deeper 
eye-pieces,  or  by  the  objective  of  J(5tb  inch,  or  the  -^th  recently 
constructed  by  Messrs.  Powell  and  Lealand,  a  power  of  4000  or 
more  may  be  obtained.  It  is  seldom,  however,  that  anything 
ia  really  gained  thereby.  The  introduction  of  inuriersion  lenses 
hug  considerably  increased  the  utility  of  what  may  be  called 
'Moderately  high  powers,  such  as  Jth,  ^tb,  and  j^th. 

"For  resolving  power  the  best  tests  are  afforded  by  the  lines 
artificially  ruled  by  M.  Nobert,  and  by  the  more  'difficult' 
£>iatoms.  What  is  known  as  Nobert's  test  is  a  plate  of  glass,  on 
a  small  space  of  which,  not  exceeding  Arth  of  an  inch  in  breadth, 
are  ruled  from  (en  to  nineteen  aeries  of  lines,  forming  as  many 
separate  bands  of  equal  breadth.  On  the  nineteen-band  test- 
(djiie  the  lines  are  ruled  at  the  following  distances,  expressed  in 

Ir-ts  of  a  Paris  line,  which,  to  an  English  inch  is  usually  reck- 
ed as  0.088  to  1.000,  or  as  11  to  125  : 


flu  rid   I 


.  i-ionoih, 
■J.  HMOtb, 
B.  l-SOOOOi. 

4.  1-250O)  h, 

5.  i-aoooih 
Bl  l-asootb. 

7.  1 -4000th. 

'"  T*b.e  following   estimates  of  the    numbers  of  lines  to  the 
Tittgl  I  ah  inch,  in  some  of  the  bands,  arc  given  by  Dr.  Itoyston 

V>gii*t:t; 


8.  l-45O0Ui. 

Band  14.  i-ranoili. 

0.   1-W00ih. 

"      15.   I-SOOOih. 

10.  1-M00th. 

•'     1fi.  I-8800ti. 

11,  i-eoooth. 

■'      17.    1-IHtOWb. 

12.   1-C600tb. 

"       18.    I-8WOU1. 

13.   1 -7000th. 

'■        10.    l-10<MM)t.l] 

I. 

11,  W.I 

IX. 

MfiH 

XV. 

90.071 

111. 

22,5  m 

XI. 

67,681 

XVII. 

nil. ::■:." 

IV. 

83.778 

XIII. 

78,810 

XIX. 

112,o!i- 

''f***of.  Rogers,  of  Cambridge,  has  also  ruled  test-plates  which 
*re  '"^ry  accurate  in  the  placement  of  their  lines,  and  are  now 
ill  gaT»eraI  use. 


"The  greater  part  of  the  Diatoms  employed  as  test  objects  are 
comprehended  in  the  genus  Pleurosigma  of  Professor  Smith; 
which  includes  those  NavieuUe  whose  'frustules'  are  distin- 
guished by  their  sigmoid  (S-like)  curvature. 


1.  Pleuroaigma  formosum 

diagonal 

M 

32— 30 

'J.  Pleuroaigma  atrigila   . 

Ira  n  averse 

86 

80 

3.   Pleurosigma  Ballieum 

trau;  varan 

m 

40—20 

4,  Pleurosigma  attermatum    - 

40 

46—35 

5.  Pleurosigma  hippocampus 

40 

45—40 

I),  Pleurosigma  strigniuro 
7.  Pleurosigma  quadratum 

diagonal 

44 

80—40 

diagonal 

15 

60—35 

8.  Pleuroaigma  elongatum 

diagonal 

4S 

9.  Pleurosigma  lacuatre 

46 

10.   Pleuroaigma  angulatum     . 

62 

51 — 1« 

11.  Pleuroaigma  leeluarii  . 

M 

11!.   Pleuruaigriia  fa'ciola  . 

64 

90—50 

13.  Navicula  rhomboides 

85 

111— CO 

14.  Nitzsctaia  aigmoidea  . 

85 

lj.   Amphipleura  petluoida  inanitulo 

transverse 

130—  12C 

"Good  specimens  of  the  first  ten  of  the  foregoing  list  may  be 
resolved,  with  judicious  management,  by  good  small-angled  Jth 
or  £th  inch  objectives,  and  even,  with  very  oblique  illumination, 
by  objectives  of  1  and  Ath  inch,  having  an  angular  aperture  of 
ninety  degrees;  the  remainder  require  the  larger  aperture  proper 
to  the  Jth  inch  or  higher  power,  for  the  satisfactory  exhibition 
of  their  markings.  The  tirst  column  of  measurements  in  the 
above  table  gives  the  numbers  stated  by  Professor  Smith  as 
averages;  the  second  column  gives  the  numbers  subsequently 
assigned  as  the  extremes  by  Mr.  Sollitt,  who  pointed  out  that 
great  differences  exist  in  the  fineness  of  the  markings  of  speci- 
mens of  the  same  species  of  the  Diatom  obtained  from  different 
localities,  a  statement  now  so  abundantly  confirmed,  aa  to  be 
entitled  to  rank  as  an  established  fact. 

"  As  a  test  for  those  qualities  of  objectives  which  best  fit  them 
for  the  general  purposes  of  biological  investigation,  Prof.  Car- 
penter is  of  the  opinion  "  that  nothing  is  better  than  the  scale  of 
the  Lepidocystus  eercicoUis,  commonly  known  as  the  Podura.  An 
objective  may  serve  by  virtue  of  its  wide  angular  aperture,  to 
resolve  Diatom-tests  of  considerable  difficulty,  and  may  yet  fail 
utterly  on  the  Podura-scale,  in  consequence  of  its  inferior  de- 
fining power;  and  such  an  objective  can  be  of  very  little  ser- 
vice to  the  biological  investigator.  On  the  other  hand,  although 
the  exact  structure  of  the  Pod ura-scale  is  still  (like  that  of  tiie 
Diatom-valve)  a  matter  of  discussion,  yet  all  are  agreed  as  to 
the  appearances  it  presents,  under  objectives  that  combine  in  tin- 
fullest  degree  the  attributes  already  specified  as  best  qualifying 
them  for  scientific  work;  bo  that  any  glass  which  show- 
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appearances  satisfactorily,  may  be  Bafely  accounted  suitable  for 
that  purpose.  The  surface  ot  this  scale  when  viewed  under  a 
sufficiently  high  amplification,  is  seen  to  be  covered  with  the 
peculiar  markings  shown  at  A  and  B,  Fig.  263,  which  are  some- 


IB 


«» 


M 


times  designated 'spines,' but  are  more  commonly  known  as 
'notea  of  admiration '  or  'exclamation-markings.'    'These  should 
be  clearly  separated  from  each  other,  and  their  margins  well- 
defined.    An  objective  of  small  angle  (such  as  a  Jth  inch  of  60°) 
will  show  the  'spines'  dark  throughout,  as  at  A;  a  Jth  inch  of 
100°  will  show  a  light  streak  extending  from  the  large  end, 
flown  the  centre  of  each  marking;  and  a  further  enlargement 
<*f  the  aperture  will  show  an  extension  of  this  streak  through 
the  entire  length  of  each  'spine,'  B.    The  degree  in  which  these 
TO^rkings  retain  their  brightness  and  distinctness  under  deep 
eye-piecing,  may  be  considered  a  most  valuable  test  of  the  ex- 
•*ilence  of  the  defining  power  of  the  objective.     As  it  is  impos- 
sible that  large-angled  objectives  used  'dry,'  should  be  perfectly 
COI*i"ected  for  spherical  aberration  (so  as  to  possess  the  greatest 
Possible  defining  power)  without  some   residuum  of  chromatic 
a"*«ration,  all  the  best  denning  glasses  will  show  the  thick  part 
°F  fcfce  spines  tinged  with  either  blue  or  red.    Perfect  achro- 
matism, on  the  other  hand,  is  only  attainable  with  'dry'  lenses 
_  *ome  sacrifice  of  resolving  ana  defining  power;  and  many 
™'<^»-o8copist6  prefer  to  keep  the  latter  to  their  highest  point, 
Te*»  at  the  expense  of  complete  color-correction.     Most  physi- 
^'°Sist8,  however,  will  prefer  the  highest  attainable  achromatism 
,  T  8orae  sacrifice  of  aperture.     But  it  is  one  of  <l>e  advantages  of  the 
l^*-'*Jiersion  system '  that  the  residual  aberrations  of  even  large-angled 
,  ~J^<?tive8  can  he  much  more  perfectly  compensated  than  they  tan  be  in 
j^  *"■&  '  objectives ;  so  that  on  this  as  on.  several  other  accounts,  their  use 
~**  lie  recommended  whenever  permitted  by  (he  nature  of  the  research." 
B»      '^Then   the  Podura-scale   is   employed   as   a   test,  allowance 
8^^*Xild  be  made  for  the  differences  existing  between  different 
:J^*1«.     These  are  as  great  as  with  any  of  the  Diatoms.     The 
*ct  from  which  this  test  is  derived  is  commonly  known  as  the 


»H«, 


-_*T*ring-tail"  and  maybe  found  near  decaying  wood  and  in 
^v^-~dusL 
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Two  or  three  objectives  are  sometimes  mounted  on  a  swingi  r»; 
arm  called  the  nose-piece.  These  revolve  upon  a  common  axis 
and  one  power  after  another  can  be  quickly  brought  into  the 
optical  axis  of  the  instrument. 

573.  Eye-pieces. — That  in  general  use  consists  of  two  plano- 
convex lenses,  the  convexity  of  each  being  toward  the  objective. 

The  lens,  A,  nearest  the  objective  is  called  the^W 
Fio.  264.        lens;  the  other,  B,  the  eye-lens.     Taken  together 
B  ^ ^     these  form  an  achromatic  combination.     This  eye- 
piece was  invented  by  Huyghens  for  the  telescope "» 
he   employed    it  to   correct  spherical  aberration, 
and  did  not  know  that  it  was  achromatic.     It  ^w*8 
applied  to  the  microscope  by  Campani.     The  r^y® 
from   the  objective   pass  through   the  field  l^n* 
before  they  reach  their  focus.     The   image  P*"*^ 
duced    under    these  circumstances    is    real  fl**1** 
Ejc-piece  chromatic,  but  when  examined  by  the  eye-len*    *** 

the  combination,  the  chromatism  is  corrected,  »-  **** 
a  still  more  magnified  achromatic  virtual  image  produced.     '**    -^. 
diaphragm,  C,  must  be  placed  between  the  two  lenses  in  the  vis*^^ 
focus  of  the  eye-glass,  which  is,  of  course,  the  position  wher^  *^ 
the  image  of  the  object  will  be  formed  by  the  ravs  brought  \vm-  ^ 
convergence  by  their  passage  through  the  field-glass." 

"Another  advantage  of  a  well-constructed  Huyghenian  ey 
piece  is,  that  the  image  produced  by  the  meeting  of  the  ra 
after  passing  through  the  field-glass,  is  by  it  rendered  conca 
towards  the  eye-glass  instead  of  convex,  so  that  every  part  of  T 

may  be  in  focus  at  the  same  time,  and  the  field  of  view  theret^-^-^ 
rendered  flat.  Two  or  more  Huyghenian  eye-pieces  of  differei  ^~  m 
magnifying  powers,  known  as  A,  B,  C,  etc.,  are  usually  suppli* 
with  a  compound  microscope.  By  some  makers  the  eye-piec 
are  designated  by  the  focal  distance  of  the  combination.  Tl 
utility  of  the  higher  powers  will  mainly  depend  upon  the  e: 
cellence  of  the  objectives;  for  when  an  achromatic  combinatio 
of  small  aperture,  which  is  sufficiently  well  corrected  to  perfornr 
very  tolerably  with  a  '  low  '  or  i  shallow '  eye-piece,  is  used  witE" 
an  eye-piece  of  higher  magnifying  power  (commonly  spoken 
as  a  *  deeper'  one),  the  image  may  lose  more  in  brightness  ani 
in  definition  than  is  gained  by  its  amplification;  whilst  th< 
image  given  by  an  objective  of  large  angular  aperture  and  ver^/ 
perfect  correction,  shall  sustain  so  little  loss  of  light  or  of  detiiri  i 
tion  by  ;  deep  eye-piecing,'  that  the  increase  of  magnifvin^&.  ^T 
power  shall  be  almost  clear  gain,  llence  the  modes  in  whiet^-^* 
different  objectives  of  the  same  power,  whose  performance  witHE  -^ . 
shallow  eve-pieces  is  nearly  the  same,  are  respectively  affected-^--^ 
by  deep  eye-pieces,  afford  a  good  test  of  their  respective  merits      ",^^,• 
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since  any  defect  in  the  corrections  is  euro  to  be  brought  out  by 
the  higher  amplification  of  the  image,  whilst  a  deficiency  of 
aperture  is  manifested  by  the  want  of  light.  The  working 
microscopist  will  generally  find  the  A  eye-piece  most  suitable, 
B  being  occasionally  employed  when  a  greater  power  is  required 
to  separate  details,  whilst  C  and  otherB  still  deeper  are  useful 
for  the  purpose  of  testing  the  goodness  of  objectives,  or  for 
special  investigations  requiring  the  highest  amplification  with 
iiKit'i-tives  of  the  finest  quality.  When  great  penetration  or 
'focal  depth'  is  required,  low  objectives  and  deep  eye-pieces 
«ill  often  be  found  convenient. 

"  For  viewing  large  flat  objects  such  as  transverse  sections  of 
mod,  under  low  magnifying  powers,  the  eye-piece  known  as 
Ktllner's  may  be  employed  with  advantage.  In  this  construction, 
(he  field-glass,  which  is  a  double-convex  lens,  is  placed  in  the 
focus  of  the  eye-glass,  without  the  interposition  of  a  diaphragm  ; 
and  the  eye-glass  is  an  achromatic  combination  of  a  plnno- 
ive  of  flint  with  a  double-convex  of  crown,  which  is  slightly 
□  ndcr-correeted,  so  as  to  neutralize  the  over-correction  given  to 
tin'  objectives  for  use  with  Huyghenian  eye-pieces.  Aflat,  well- 
ill  nniined  field  of  as  much  us  fourteen  inches  in  diameter  may 
fluin  be  obtained  with  very  little  loss  of  light;  but,  on  the  other 
baud,  there  is  a  certain  impairment  of  defining  power,  which 

•  renders  the  Kellner  eye-piece  unsuitable  for  objects  presenting 
niinute  structural  details;  and  it  is  an  additional  objection,  that 
r  1 ,  •_  smallest  speck  or  smear  upon  the  surface  of  the  field-glass  is 
made  so  unpleasantly  obvious,  that  the  most  careful  cleansing 
<■»*■"    that  surface  is  required  every  time  this  eye-piece  is  used. 

*'A  solid  eye-piece  made  on  the  principle  of  the  'Stanhope' 
M^wms  is  sometimes  used  in  place  of  the  ordinary  Huyghenian, 
wheu  high  magnifying  power  is  required  for  testing  the  per- 
*V>»-iiiance  of  objectives  The  lower  surface,  which  has  the  lesser 
**«»*"ivexity,  serves  as  a  '  field-glass  ;'  whilst  the  image  formed  by 
f  *  *  J  m  is  magnified  by  the  highly  convex  upper  surface  to  which 
tfc**^  eye  is  applied ;  the  advantage  supposed  to  be  derived  from 
t~*  *  e  construction  lying  in  the  abolition  of  the  plane  surfaces  of 
*■  *=*  ^^    two  lenses  of  the  ordinary  eye-piece." 

■^5  74.  Tube  and  Accessories.— The  lube  of  the  instrument  serves 
t<=>  v~uuintatti  the  objective  and  the  eye-piece  in  proper  relation  to 
fc**^^Ii  other  in  the  same  optical  axis. 

-Ktie objectives  are  fitted  into  the  lower  end   by  a  screw;    a 

y*^*  \  ar  with  a  uniform  thread,  known  as  the  society  screw,  has 

>e^B  adopted  by  the  majority  of  makers.     By  the  use  of  this 

fttxy~    objective  may  be  adapted  to  the  instrument.     Other  special 

&01  i  trivatices  are  sometimes  furnished  for  attachment   of  very 

^L1grti -angled  low  powers. 


L 


The  eye-piece  is  slipped  into  the  upper  part,  the  exterior  of 
its  cylinder  and  the  interior  of  the  tube  being  ground  to  give  a 
smooth  movement. 

Diaphragms  found  in  the  eye-piece  or  the  tube  of  a  micro- 
scope should  not  be  displaced;  or  if  desired  to  do  so,  their 
location  should  be  carefully  marked  beforehand,  in  order  that 
they7  can  be  replaced  in  their  proper  position. 

The  draw-tube  is  a  second  tube  sliding  into  the  tube  proper. 
While  the  objective  is  attached  to  the  latter,  the  eye-piece  is 
carried  by  the  former.  When  the  former  is  partly  withdrawn 
the  distance  between  the  eye-piece  and  objective  is  increased, 
and  greater  magnifying  power  attained. 

An  amplifier  is  a  concave  lens  interposed  between  the  objective 
and  eye-piece.  In  the  Tolle's  form  "it  is  an  achromatic 
concavo-convex  lens  of  small  diameter,  screwed  into  the  lower 
end  of  the  draw-tube,  bo  as  to  be  at  no  great  distance  behiud 
the  objective,  the  power  of  which  it  doubles  without  producing 
sensible  deterioration  of  the  image.  Dr.  Devron  states  that  the 
nineteenth  band  of  a  Nobert  plate  could  be  resolved  by  its  aid, 
by  objectives  under  which  without  it  no  resolution  could  be 
obtained." 

The  ertctm:     "This  instrument, lirBt applied  to  the  compound 

microscope  by  Mr.  Lister,  consists  of  a  tube  about  three  inches 

long,  A  B,  having  a  meniscus  at  one  end,  and 

Fig.  285.         a  plano-convex  lens  at  the  other  (the   convex 

I^B-  C        sides  being  upwards  in  each  case),  with  a  dia- 
JbriL  phragm  nearly  half-way  between  them ;  this  is 

J^K  screwed  into  the  lower  end  of  the  draw-tube,  as 

shown  in   Fig.  265  (C  D  being  the  eye-piece). 
Its  effect  is  (like  the  corresponding  erector  of 
BSId         the  telescope)  to  antagonize  the   inversion   of 
the  image  formed  by  the  object-glass,  by  pro- 
ducing a  second  inversion,  so  as  to  make  the 
image  presented  to  the  eye  correspond  in  posi- 
tion with  the  object-arrangement.      This   is  of 
great  service  in  cases  in  which  the  object  has  to 
be  subjected  to  any  kind  of  manipulation.     The 
SI  A         passage    of  the    rays   through   two  additional 
aHU  lenses,  of  course  occasions  a  certain  loss  of  light, 

lHJU  and  impairment  of  the  distinctness  of  the  image  ; 

hut  this  need   not  be  an  obstacle  to  its  use  roc 
IWjPI  the  class  of  purposes  for  which  it  is  especially 

PP;  a  adapted  in  other  respects,  since  these  mUobq 

(FMot  require  a  very  high   degree  of  defining  pover. 

By  the  position  given  to  the  erector,  it  is  made 
subservient  to  another  purpose  of  great  utility;  namely,  pro- 
curing a  very   extensive  range  of  magnifying  power,  without 
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nge  in  the  objective.  For  when  the  draw-tube,  with  the 
fitted  to  it,  ia  completely  pushed  in,  the  acting  latglh 
>eak)  is  so  greatly  reduced  by  the  formation  of  the  first 
inch  nearer  the  objective,  that,  if  a  lens  of  two-thirds  of 
focus  be  employed,  an  object  of  the  diameter  of  If  inches 
taken  in  and  enlarged  to  no  more  than  4  diameters; 
>n  the  other  hand,  when  the  tube  is  drawn  out  4 J  inches 
jet  is  enlarged  100  diameters.  Of  course,  every  inter- 
range  can  be  obtained  by  drawing  out  the  tube  more  or 
id  the  facility  with  which  this  can  be  accomplished,  espe- 
hen  the  draw-tube  is  furnished  with  a  rack-and-pimon 
;ut  (as  in  Messrs.  Beck's  Compound  Dissecting  Micro- 
renders  such  an  instrument  very  useful  in  research." 

3w  Body — B  carries  the  tube  A,  just  described,  with 
e  and  eye-piece;  the  stage  C  on  which  the  object  is 
the  focussing  adjustment  D  D',  and  the   illuminating 


th  mirrors  E,  diaphragms,  condenser,  and  polarizer  F, 
f. 

rhe  Stage  is  for  the  support  of  the  object.  It  is  attached 
ody  in  such  a  manner  that  the  plane  of  its  upper  surface 
ht  angles  to  the  optical  axis  of  the  tube. 
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In  its  simplest  form,  the  stage  is  a  single  circular  plate  ot 
brass  with  an  aperture  in  the  centre.  Its  upper  surface  is  ground 
smooth  and  flat;  on  this  the  object  slide  is  placed.  By  inter- 
vening a  drop  of  water  between  the  glass  slide  and  the  metal 
plate,  the  former  is  held  in  position,  and  yet  may  be  easily  and 
steadily  moved  on  the  metal,  to  bring  any  desired  part  of  the 
object  into  the  field  of  the  instrument.  As  a  rule,  even  the 
simplest  stages  are  provided  with  clips,  springs,  or  other  con- 
trivances for  keeping  the  slide  in  contact  while  the  former  w 
moved  about  by  the  fingers. 

In  its  more  advanced  condition  it  consists  of  two  parallel 
plates,  with  more  or  less  complex  attachments  for  moving  the 
upper  upon  the  lower.  The  upper  plate  carries  the  object  and 
slides  upon  the  lower,  which  is  firmly  attached  to  the  body  of  the 
instrument. 

In  the  various  forms  of  microscope  a  majority  of  the  fol- 
lowing movements  of  the  object  are  attainable. 

1st.  Right  or  left  across  the  field  by  turning  one  or  the  other 
of  the  mill-headed  screws  on  the  side  of  the  stage,  which  drives 
the  rack  movement  between  the  two  plates  of  the  stage. 

2d.   Oblique  by  turning  both  screw  heads  at  the  same  time. 

3d.  Rotary,  by  loosening  a  binding-screw  which  holds  the  two 
parts  of  the  stage  together,  when  the  upper  may  be  rotated  upon 
the  lower  by  the  finger  or  by  a  tangent  screw. 

4th.  Inclination  of  the  plane  of  the  stage  to  the  optical  axis  of 
the  instrument.  In  this  the  lower  plate  is  so  attached  to  th« 
body  that  by  loosening  a  binding-screw,  the  movement  in  question 
may  be  executed. 

5th.  One  or  all  of  these  may  be  provided  with  graduated 
scales,  arcs,  and  verniers,  that  they  can  be  measured,  recorded, 
and  restored  if  desired. 

To  secure  the  greatest  obliquity  in  transmitted  light,  the  stag6 
should  be  made  as  thin  as  possible. 

577.  Focussing  Apparatus — This  consists  of  appliances,  D  **  ' 
which  cause  the  tube  to  approach  to  or  recede  from  the  *\b£?' 
In  the  simplest  form  the  tube  is  supported  in  a  metallic  r*°? 
lined  with  cloth,  and  the  movement  iu  question  is  accomplish*  ^ 
bv  sliding  it  up  and  down. 

In  the   better    forms   of  microscope,   the    arrangement    *^ 
scribed  is  sometimes  retained  as  a  coarse  adjustment.     A^ 
rule,  however,  this  is  attained  by  a  rack  and  pinion  moveme?  **** 
the  mill-heads  of  the  latter  being  on  each  side  the  tube,  wl*  *' 
that  which  drives  the  lever  of  the  fine  adjustment  is  at  C  **e 
top  of  the  body,  where  the  lateral  arm  arises  to  support  €^**e 
main  tube.     In  some  cases  the  mill-head  of  the  tine  aqjustm^,f,t 
is  on  the  tube. 


.1 
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In  the  low  powers  the  coarse  adjustment  alone  generally 
suffices  to  ohtain  a  sharp  focus.  To  give  this  the  greatest 
smoothness  the  teeth  of  the  ruck  and  pinion  should  be  set  ob- 
IvjHjL'ly.  "What  is  meant  by  '  spring,'  is  the  alteration  which 
may  often  he  observed  to  take  place  on  the  withdrawal  of  the 
band;  the  object  which  has  been  brought  precisely  into  focus, 
and  which  so  remains  while  the  milled  head  is  between  the 
lingers,  becoming  iudistinct  when  the  milied-head  is  let  go. 
The  source  of  this  fault  may  He  either  in  the  rack-movement 
or  in  the  general  framing  of  the  instrument,  which  is  so  weak 
at  to  allow  of  displacement  by  the  mere  weight  or  pressure  of 
the  hand;  should  the  latter  bo  the  ease,  the  '  spring '  maybe 
iu  a  great  degree  prevented  by  carefully  abstaining  from  bearing 
on  the  milled-head,  which  should  he  simply  rotated  between  the 
Iirar*." 

To  obtain  a  well-defined  image  with  objectives  of  less  than 
half  an  inch  focus  the  tine  adjustment  or  slow  motion  D'  must 
1      "It   should  work  smoothly  and  equably,  producing 
that  graduated  alteration  of  the  distance  of  the  objective  from 
the  object  which  it  is  its  special  duty  to  effect  without  any  jerk- 
in; it  irregularity.     It  should  be  so  sensitive  that  any  movement 
01  the  roilled-head  should  at  once  make  its  action  apparent  by 
■»  alteration  iu  the  distinctness  of  the  image  when  high  powers 
"re  employed,  without  any  loss  of  time.     And  its  action  should 
not  give  rise  to  any  twisting  or  displacing  movement  of  the 
image,  which  ought  not  to  be  in  the  least  degree  disturbed  by 
*"y  number  of  rotations  of  the  railled-head,  still   less  by  a  rota- 
■'on  through  a  few  degrees.     One  great  use  of  this  adjustment 
insists  in  briuging  into  view  different  strata  of  the  object,  and 
"lis  in  such  a  gradual  manner  that  their  connection  with  one 
'"other  shall  be  made  apparent.     A  clearer  idea  of  the  nature 
*'  a.  doubtful  structure  is,  in  fact,  often  derived  from  what  is 
'.'aught  sight  of  in  the  ad  of  changing  the   focus,  than   by  the 
«io>et   attentive   study  and  comparison  of  the   different  views 
"l>t».iiied    by   ftny   number  of  separate  '  focussiugs.'     The   ex- 
Keienced  tnieroseopist,  therefore,  whilst  examining  an  object  of 
''.Wost   any   description,  constantly  keeps  his  finger  upon  the 
'"'!  J  ed-head  of  the  'slow  motion,9  and  watches  the  effect  pro- 
''";--t?-d   by  its  revolution  upon  every  feature  which   he  distin- 
£'iisVies;    never   leaving  off  until   he   is  satisfied   that   he  has 
s£ri-*  ?■  "mined  not  only  the  entire  surface,  but  the  entire  thickness  of 
the    «=»hject." 

Sy^.  The  Stand  is  generally  some  modification  of  a  tripod,  or 
ttirti  ^.f00te(]  arrangement.  This,  if  properly  constructed,  gives 
the      <Jesired  steadiness  to  the  apparatus.     Iu  the  earlier  kinds 
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of  microscope  the  body  was  immovably  attached  to  the  stand, 
and  only  a  vertical  view  down  the  tube  could  be  obtained.  In 
modern  instruments,  the  attachment  between  the  body  and 
stand  is  movable,  and  any  desired  obliquity  can  be  given  to 
the  former.  The  microscopist  is  thus  enabled  to  change  bw 
posture  at  pleasure,  and  the  use  of  the  instrument  becomes  less 
wearisome.  Some  think  that  an  optical  advantage  is  gained  by 
using  an  inclined  position  of  the  tube,  as  there  is  less  annoy- 
ance from  the  action  of  moisture  upon  the  cornea. 

579.  Illumination  may  be  by  ordinary  or  by  polarized  light 
In   the   former,  the   light   is   either  transmitted   or  reflected, 
according  as  the  object  is  transparent  or  opaque.     In  the  first 
of  these  it  may  again  be  director  oblique,  and  either  simple  or 
condensed,     i  ive  conditions,  therefore,  present  themselves:  l»t, 
simple  axial;   2d,  condensed  axial;  3d,  oblique;  4th,  reflected; 
and,  5th,  polarized  illumination. 

580.  Simple  Axial  Illumination. — All  microscopes  are  provid  «d 
with  a  plane  silvered  glass  mirror,  or  reflector,  by  which  ligr^ 
can  be  directed  through  the  aperture  in  the  stage  along  tfce 
tube  to  the  eye.  In  simple  forms,  this  is  supported  upon  «*° 
immovable  rigid  arm,  which  is  attached  to  the  body  and  pr^^" 
jects  beneath  the  stage.  The  mirror  is  mounted  upon  twoar 
at  right  angles  to  each  other,  that  rays  of  light  from  any  sour 
may  be  directed  along  the  tube. 


581.  Diaphragms. — For  various  reasons  it  is  often  necessary 
modify  or  lessen  the  illumination.     This  is  accomplished 
means  of  a  ring  pierced  by  circular  or  other  openings  of  differed 
sizes.     The  ring  diaphragm  is  generally  attached  to  the  und- 
side  of  the  main  stage  in  such  a  manner,  that  on  revolving     ** 
openings  of  various  diameters  are  passed  beneath  the  apertu*^ 
in  the  centre  of  the  main  stage,  and  its  size  varied  as  desir^^** 
Thus  a  greater  or  less  amount  of  light  is  thrown  upon  the  &  *> 
ject.     Sometimes  the  diaphragm  is  placed  at  a  distance  bel** 
the  object,  as  in  the  box  form  of  this  arrangement. 

The  iris  diaphragm  is  a  most  ingenious  piece  of  apparatus    *^ 
varying  the  diameter  of  the  pencil  of  light  cast  on  the  obj*^4^ 
It  is  composed  of  a  number  of  plates,  which  by  means  of  a  le^^j 
are  made  to  encroach  upon  a  central  opening.     It  operates*.        ^ 
its  name  indicates,  after  the  fashion  of  the  iris,  and  gives  m  *^ 
satisfactory  results. 

582.  Condensed  Axial  Illumination. — To  throw  a  brighter  il  'II~ 
mination  upon  the  object,  the  light  is  condensed  by  any  of  ^  **e 
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three  following  methods:  1st,  concave  mirror;  2d,  simple  con- 
densing lens;  3d,  achromatic  condenser. 

Concave  mirror.  The  ring  which  carries  the  plane  mirror, 
holds  a  concave  one  upon  the  opposite  side,  by  which  rays  of 
light  can  be  converged  upon  the  object.  To  adjust  the  focus 
of  this  to  near  or  remote  sources  of  light,  the  ring  slides  upon 
the  arm  supporting  it.  It  is  thus  made  to  approach,  or  recede 
from,  the  stage,  and  thereby  bring  the  reflected  rays  to  a  focus 
upon  the  object. 

Simple  condenser  is  a  convex  lens  of  moderately  long  focus, 
intervened  between  the  source  of  light  and  the  plane  mirror. 
The  relative  positions  of  these  are  so  arranged  that  the  light 
is  brought  to  a  focus  upon  the  object.  The  lens  is  supported 
in  a  sliding  ring  upon  an  independent  stand.  It  may,  therefore, 
receive  any  desired  adjustment. 

Achromatic  condensers.  For  condensing  the  illumination  the 
lower  objectives  of  the  microscope  may  be  used.  Especial 
provision  is  made  for  mounting  them  by  means  of  a  second  or 
sab-stage  beneath  the  main  stage  of  the  instrument.  The  sub- 
ftoge  is  attached  to  the  arm  which  carries  the  plane  mirror.  It 
is  placed  between  that  and  the  stage.  By  means  of  a  rack  and 
pinion  movement,  it  traverses  along  the  supporting  arm,  receiv- 
ing the  proper  adjustment  to  cast  the  focus  of  the  achromatic 
combination  upon  the  object. 

583.  Oblique  Illumination. — Where  transparent  objects  present 
fine  grooves  or  ridges,  they  are  often  invisible  when  submitted 
to  axial  illumination,  but  appear  at  once  when  the  light  is  cast 
at  the  proper  degree  of  obliquity  upon  them.  According  also 
*h  one  side  of  a  furrow  is  more  or  less  inclined  than  the  other, 
*o  will  the  direction  in  which  the  light  falls  make  it  more  or  less 
evident. 

The  simplest  method  of  obtaining  oblique  illumination  is  to 
Hiount  the  arm  supporting  the  mirror  and  sub-stage  upon  a 
pivot,  the  axis  of  which  should  pass  through  the  plane  of  the 
object.  The  light  may  then  be  reflected  upon  it  at  any  de- 
sired angle.  If  at  the  same  time  the  movement  of  rotation  is 
given  to  the  stage,  it  will  be  presented  to  the  light  under  every 
azimuth. 

The  amid  prism  is  a  prism  one  face  of  which  is  lens-shaped. 
It  serves  the  purpose  of  a  reflector  and  condenser  in  securing 
oblique  illumination.     It  can  be  mounted  on  a  separate  stand, 
or  attached  to  some  part  of  the  instrument. 
.  The  parabolic  illuminator  is  a  column  of  glass,  the  upper  por- 
tion being  paraboloid  in  shape  with  a  cup  or  depression  in 
ths  centre.     By  it  the   object   may  be   illuminated   obliquely, 
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Pio.  26".       and,  if  desired,  made    to    appear    on    &  black 
ground. 

Regarding  oblique  illumination,  Prof.  Carpenter 
says:  "A  good  example  of  tbe  variety  of  appear- 
ances which  the  same  object  may  exhibit,  when  illu- 
minated from  different  azimuths,  and  with  slijjbt 
changes  of  focussing,  is  shown  in  Fig.  267,  which 
represents  portions  of  a  valve  of  pleurosigma  farm- 
sum,  m  seen  under  a  power  of  1300  diameters;  the 
markings  shown  at  A,  B,and  C,  being  brought  oat 
by  oblique  light  in  different  directions,  which,  how- 
ever, when  carefully  used,  does  not  produce  the* 
erroneous  aspects;  whilst  at  D  iB  shown  the  eflitfi 
of  axial  illumination  with  the  achromatic  coo- 
denser.  It  cannot  be  too  strongly  impressed  on 
the  young  microscopist,  however,  that  the  speciil 
value  of  very  oblique  illumination  is  limited  to  tbe  resolution  of 
'test  objects;'  and  that  for  ordinary  purposes  of  scientific  atndr. 
and  research,  axial  illumination  is  generally  preferable." 


584.  Reflected  Illumination  is  employed  with  opaque  objects. 
In  this  the  light  is  thrown  upon  their  upper  surface  and  re- 


flected thence  along  the  shaft  of  the  instrument.  The  simpl*** 
arrangement  is  found  in  Fig.  26*.  In  this  the  rays  from  *"* 
■ooroe  of  light  indicated  by  "the  dotted  lines  are  condensed  V 
a  convex  lens  ami  brought  to  a  focus  upon  the  upper  sortie*  * 
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ibe  object.  A  plano-convex  lens  of  great  curvature,  called  the 
b>il('s~eye  condenser,  is  used  for  this  purpose.  It  is  mounted 
rtn  a  separate  stand,  and  any  desired  movement  can  be  given 
10  it. 

"The  optical  effect  of  such  a  bull's-eye  differs  according  to  the 
side  of  it  turned  towards  the  light,  and  the  condition  of  the 
rays  which  fall  upon  it.  The  position  of  least  spherical  aberra- 
tion is  when  its  convex  side  is  turned  towards  parallel  or  towards 
the  least  diverging  rays:  consequently,  when  used  by  daylight,  its 
plane  side  should  be  turned  towards  the  object;  and  the  same 
position  should  be  given  to  it  when  it  is  used  for  procuring  con- 
verging rays  from  a  lamp,  this  being  placed  four  or  five  times 
farther  off  on  one  side  than  the  object  is  on  the  other.  But  it 
may  also  be  employed  for  the  purpose  of  reducing  the  diverging 
rays  of  the  lamp  to  parallelism,  for  use  either  with  a  paraboloid 
or  rtith  the  parabolic  speculum;  and  the  plane,  side  is  then  to  be 
turned  towards  the  lamp,  which  must  be  placed  at  such  a  dis- 
tance from  the  'bull's-eye,'  that  the  rays  which  have  passed 
through  the  latter  shall  form  a  luminous  circle  equal  to  it  in 
size,  at  whatever  distance  from  the  lens  the  screen  may  be  held. 
For  viewing  minute  objects  under  high  powers;  the  smaller  con- 
densing lens  may  be  used  to  obtain  a  further  concentration  of 
the  rays  already  brought  into  convergence  by  the  '  bull's-eye.'  " 
In  Home  microscopes  the  arm  which  carries  the  plane  mirror 
"id  achromatic  condenser  is  not  only  turned  to  one  side  to  give 
oblique  illumination,  as  described  in  (583),  but  also  above  the 
s,age  to  give  reflected  illumination,  as  with  the  bull's-eye  con- 
denser. 

The  LiebeTkiifm  is  a  concave  speculum,  and  received  its  name 

frorr*  the  celebrated  microscopist  who  invented  it.     "It  is  made 

tofit  upon  the  end  of  the  objective,  having  a  perforation  in  its 

°etit  re  for  the  passage  of  the  raya  from  the  object  to  the  lens  ; 

*n<i    in  order  that  it  may  receive  its  light  from  a  mirror  beneath, 

™*    object  must  be  so  mounted  as  only  to  stop  out  the  centia* 

Portion   of  the  rays  reflected  upwards.     The  curvature  of  the 

Te"~~  "'um  '*  *°  adapted  to  the  focus  of  the  objective,  that,  when 

*    J  sitter  is  duly  adjusted,  the  rays  reflected  up  to  it  from  the 

"'""■"or  shall  be  made  to  converge  strongly  upon  the  part  of  the 

I  that  is  in   focus;    a  separate  speculum  is  consequently 

tK%X  *  re('  **>p  GVery  objective." 

"be  [Hiniliotic  speculum  of  Mr.  K.  Beck  is  one  of  the  most 
^"^^nient  methods  for  obtaining  reflected  illumination.  "It 
is  at  T;  nt'hcd  to  a  spring-clip  that  fits  upon  the  objectives  {i  inch, 
\\  ix»ch,  1  inch,  fd  inch),  to  which  it  is  especially  suited,  and 
\<  ;W»  1  up  or  down,  or  turned  around  its  axis,  when  the  object 
\a»  ^>een  brought  into  focus,  until  the  most  suitable  illumination 


has  been  obtained.  The  ordinary  rays  of  diffused  daylight, 
which  maybe  considered  as  falling  in  a  parallel  direction  on 
the  speculum  turned  towards  the  window  to  receive  them,  are 
reflected  upon  a  small  object  in  its  focus,  so  as  to  illuminate  it 
sufficiently  bright  for  moat  purposes:  but  a  much  stronger 
light  may  be  concentrated  on  it  when  the  speculum  receives  its 
rays  from  a  lamp  placed  near  the  opposite  side  of  the  stage,  a 
'  bull's  eye  '  being  interposed  to  give  parallelism  to  (he  rays." 

Vertical  ilhinimndivi  through  objer/ire.  Mr.  Wen  bam,  Prof. 
H.  L.  Smith,  and  others,  have  devised  various  methods  for 
illuminating  opaque  objects  by  sending  the  light  through  the 
objective  as  a  condenser.  In  the  arrangement  of  Mr.  Bock,  a 
disk  of  thin  glass  is  attached  to  a  milled-head,  by  the  rotation 
of  which  it  may  receive  any  desired  angle ;  this  is  introduced 
through  a  slot  into  the  interior  of  an  adapter  interposed  be- 
tween the  objective  and  the  nose  of  the  microscope.  The 
light  which  enters  at  the  lateral  aperture,  falling  upon  the 
oblique  surface  of  the  disk,  is  reflected  downwards,  and  con- 
centrated by  the  lenses  of  the  objective  upon  the  object  beneath. 

585.  Polarised  Illumination. — In  the  application  of  polarized 
light  to  the  microscope  a  bundle  of  thin  plates  may  be  used  y 
the  polarizer.  The  method  usually  employed  is  by  a  "  Nicol 
prism,  fitted  to  the  sub-stage.  A  second  "Nicol"  or  tourma- 
line is  used  as  an  analyzer.  It  is  placed  near  the  objective.  By 
means  of  polarized  light  important  peculiarities  of  structure  are 
made  evident,  which  would  otherwise  be  invisible. 

586.  Sources  of  IUnmination. — 1st.  Sunlight.  "  The  direct  light 
of  the  sun  is  far  too  powerful  to  be  ordinarily  used  with  advan- 
tage, unless  its  intensity  is  moderated,  either  by  reflection  from 
a  plaster-of-Paris  mirror,  or  by  passage  through  some '  modifier  ;' 
it  is,  however,  occasionally  used  by  some  observers  to  work  out 
intricate  markings  or  fine  color,  and  may  sometimes  be  of  ad- 
vantage for  these  purposes,  but  without  great  care  would  !»<■  ■ 
fertile  source  of  error." 

2d.  Daylight.  "The  young  microscopist  is  earnestly  recom- 
mended to  make  as  much  use  of  daylight  as  possible;  not  only 
because,  in  a  large  number  of  cases,  the  view  of  the  objevt 
which  it  affords  is  more  satisfactory  than  that  which  can  be  ob- 
tained by  any  kind  of  lamplight,  but  also  because  it  is  nnuli 
less  trying  to  the  eyee.  So  great,  indeed,  is  the  difference  be- 
tween the  two  in  this  respect,  that  there  are  many  who  find 
themselves  unable  to  carry  on  observations  for  any  length  •>■.' 
time  by  lamplight,  although  they  experience  neither  fatigue 
nor  strain  from  many  hours  continuous  work  by  daylight." 


THE    MICROSCOPE    AND    THE    TELE8COPE. 


503 


3d.   Cloud  light.      "  When  daylight  is  employed,  the  micro- 
scope should  be  placed  near  a  window,  whose  aspect  should  be 
rly  as  may  be  convenient)  opposite  to  the  side  on  which 
the  BOO  is  shining;  for  the  light  of  the  sun   reflected  from  a 
bright  cloud  is  that  which  the  experienced    microseopist  will 


always  prefer,  the  rays  proceeding  from  b  cloudless  blue  sk 
being  by  no  means  so  well   tilted  for  his  purpose,  and 
land  resection  of  a  dark  cloud  being  the  worst  of  all.' 


4th.  Lamplight.  "For  the  examination  of  the  greater  pro- 
iwtion  of  objects,  good  daylight  is  to  be  preferred  to  any  other 
kind  of  light :  but  aood  lamplight  is  preferable  to  bad  daylight, 
especially  for  the  illumination  of  opaque  objects.  When  re- 
HON  is  had  to  artificial  light,  it  is  essential,  nut  only  that  it 
should  be  of  good  quality,  but  that  the  arrangement  for  fur- 
nishing it  should  be  suitable  to  the  special  wants  of  the  micro- 
scopiBt,"  The  most  useful  light  for  ordinary  use  is  that  furnished 
by  the  steady  and  constant  flame  of  a  Hat-wicked  lamp,  fed  with 
one  of  the  beBt  varieties  of  paraflin  oil.  For  all  ordinary  pur- 
[losea  a  flat  kerosene  flame  used  edgewise  answers  admirably, 

5th.  Position  of  the  light.     "  When  the  microscope  is   used  by 
<liiylight,  it  will  usually  be  found  most  convenient  to  place  it  in 
sueh  a  manner  that  the  light  shall  be  al   the  left  hand  of  the 
WWrrdP.     It  is  most  important  that  no  light  should  enter  his 
*ve  save  that  which  comes  to  it  through  the  microscope;  and 
OH  loeeai  of  direct  light  can  scarcely  be  avoided  when   he  sits 
ffith  his  face  to  the  light.     Of  the  two  sides,  it  is  more  con- 
HfiiSBt   to  have  the  light  ou  the  left;  first,   because  it  is  not 
""crfered   with  by  the  right  hand,  when  this  is  employed  in 
^'itig  the  requisite  direction  to  the  mirror,  or  in  adjusting  the 
/''U ruinating  apparatus;  and   second,  because,  as  most  persons 
'"  u>ing  a  monocular  microscope  employ  the  right  eye  rather 
''""i  the  left,  the  projection  of  the  nose  serves  to  cut  off  those 
•il"r-,i\   rays  which,  when  the  light  comes  from  the  right  side, 
ff'aiice  between   the  eye  and  the  eye-piece.     The  lump  should 
*'^'ays  be   placed  on  the  left  side,  unless  some  special  reason 
fe*'*its    tor   placing    it    otherwise;    and  if  the  object  under  ex- 
amination   be   transparent,   the    lamp   should   be   placed    at    a 
distance   from   the   eye   about    midway   between    that   of   the 
Wag*.  auJ  (hat  of  the  mirror;  but  when  the  instrument  can  be 
Ml,  the  lamp  may  be  most  advantageously  placed  in  the 
*Xis  of  the  achromatic  condenser  or  other  illuminator,  so  that 
lta  light  may  be  transmitted  to  the  object  without  intermediate 
:i"Ti.     If,  on  the  other  hand,  the  object  be  opaque,  the  lamp 
should  be  at  a  distance  about  midway  behind  the  eve  and  the 
Ho,  'bat  its  light  may  fall  on  the  object  at  an  angle  of  about 
45*  with  the  axis  of  the  microscope." 
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587.  Augmentation  of  Magnifying  Power. — "  Wheu  the  micro- 
scopist  wishes  to  augment  his  magnifying  power,  he  has  a  choice 
between  the  employment  of  an  objective  of  shorter  focus,  and 
the  use  of  a  deeper  eye-piece.  If  he  possess  a  complete  series  of 
objectives,  he  will  frequently  find  it  best  to  substitute  one  of  these 
for  another  without  changing  the  eye-piece  for  a  deeper  one; 
but  if  his  'powers'  be  separated  by  wide  intervals,  he  will  be 
able  to  break  the  abruptness  of  the  increase  in  amplification 
which  thev  produce,  by  using  each  objective  first  with  the  shal- 
lower, and  then  with  the  deeper  eye-piece.  In  the  examination 
of  large  opaque  objects  having  uneven  surfaces,  it  is  generally 
preferable  to  increase  the  power  by  the  eye-piece  rather  than  l>  v 
the  objective;  thus  a  more  satisfactory  view  of  such  objects  mi 
usually  be  obtained  with  a  3  inch  or  2  inch  objective,  and  the 
eye-piece,  than  with  a  1£  inch  or  1  inch  objective,  and  the  . 
eye-piece.  The  use  of  the  draw-tube  enables  the  microscopi  »* 
still  further  to  vary  the  magnifying  power  of  his  instrument 
and  thus  to  obtain  almost  any  exact  number  of  diameters 
may  desire,  within  the  limits  to  which  he  is  restricted  by  tfr^ae 
focal  length  of  his  objectives." 


588.   Measurement  of  Magnifying  Power. — For  this  purpo*^se 
various  forms  of  micrometer  have  been  adapted  to  the  eye-piee-^- 
The  method  generally  employed  "depends  upon  a  comparisc^^n 
of  the  real  size  of  the  object  with  the  apparent  size  of  the  images; 
but  our  estimate  of  the  latter  will  depend  upon  the  distance  ^^ 
which  we  assume  it  to  be  seen:  since,  if  it  be  projected  at  dm-  f- 
ferent  distances  from   the   eye,  it  will  present  very  differe*"-^ 
dimensions.     Opticians  generally,  however,  have  agreed  to  coi^> 
eider  ten  inches  as  the  standard  of  comparison;  and  when,  ther^B- 
fore,  an  object  is  said  to  be  magnified  100  diameters,  it  is  mea«r«t 
that  its  visual  image  projected  at  ten  inches  from  the  eye  <i»* 
when  thrown  down  by  the  camera  lucida  (543)  upon  a  surface* 
at  that  distance  beneath^  has  100  times  the  actual  dimension** 
of  the  object.     The  measurement  of  the  magnifying  power  of 
simple  or  compound  microscopes  by  this  standard  is  attended 
with  no  difficulty.     All  that  is  required  is  a  stage  micromet^" 
accurately  divided  to  a  small  fraction  of  an  inch  (the  TJ-yth  tri»* 
answer  very  well  for  low  powers,  the  ysVffth  f°r  high),  and    a 
common  foot  rule  divided  to  tenths  of  an  inch.     The  micromt?*^j 
beinsr  adjusted  to  the  focus  of  the  objective,  the  rule  is  ^^\t 
parallel  with  it  at  the  distance  of  ten  inches  from  the  eye. 
the  second   eye  be  then   opened  whilst  the  other  is   looki  ^^ 
through  the  microscope,  the  circle  of  light  included  within  C  ** 
field  of  view  crossed  by  the  lines  of  the  micrometer  will  be  s^^w 
faintly  projected  upon  the  rule:  and  it  will  be  very  easy  to  nu*^[^ 
upon  the  latter  the  apparent  distances  of  the  divisions  on  t 


THE    MICROSCOPE    AND    THE    TELESCOPE  505 

micrometer,  and  thence  to  ascertain  the  magnifying  power. 
Thus,  supposing  each  of  the  divisions  of  1  J-n-tu  of  (in  inch  to 
he  lirn 


- 1  ■  ■  i r i (J  with  1J  inch  upon  the  rule,  the  linear  magnifying 
power  is  150  diameters;  if  it  corresponds  with  half  an  inch,  the 
magnifying  power  iB  50  diameters." 


■ 

588.  Care  of  Microscope. — The  best  method  for  protecting  a 
microscope  when  not  in  use  is  to  keep  it  under  a  glass  shade, 
the  mouth  closed  by  a  piece  of  cloth  laid  on  the  table  or  stand 
on  which  it  is  kept.  If  there  is  any  dust  on  the  mirror  or  brass 
work  it  should  be  wiped  off  with  a  handkerchief  before  it  is  put 
away. 

If  specks  are  seen  on  looking  through  the  eye-piece,  when  the 
mirror  is  adjusted  to  illuminate  the  field,  the  eye-piece  should 
be  rotated,  when,  if  the  dust  is  upon  its  glasses,  they  must  be 
carefully  wiped.  In  case  it  is  necessary  to  remove  the  lenses 
from  the  barrel  to  wipe  their  inner  surface,  they  should  be 
■SWWed  up  taut  when  returned  to  their  places.  The  lenses  of 
'"•nly  one  eye-piece  should  he  taken  out  at  a  time,  to  prevent 
any  chance  of  their  becoming  mixed. 

If  the  dust  upon  any  lens  is  very  fine,  it  can  often  be  blown 
oft".  The  vapor  which  condenses  thereafter  must  be  removed 
by  quickly  traversing  the  glass  through  the  air.  Lenses  should 
not  be  wiped  unless  necessary,  as  the  softest  material  is  apt 
to  injure  or  scratch  the  polish.  If  a  puff  of  breath  docs  not 
answer,  the  next  best  thing  is  a  camel's-hair  pencil,  and,  finally, 
a  piece  of  soft  wash-leather  out  of  which  the  dust  has  been 
beaten. 

If  the  objectives  are  kept  in  their  cases,  they  will  not  often 
require  the  removal  of  dust.  The  chief  dunger  to  which  they 
M"e  liable  is  contact  with  fluids  of  various  kinds  when  mod  by 
('»r«less  hands.  When  this  happens  they  should  be  cleaned  ;is 
'I'liokly  as  possible. 

Whenever  objectives  are  handled,  the  glasses  should  be  kept 
"  fur  as  possible  from  the  vicinity  of  the,  skin,  to  prevent 
'-'"»  i  di'Tisution  of  its  moisture  upon  them.  Any  cloudiness  that 
],ltiy  appear  in  their  interior  is  best  treated  by  the  maker,  espe- 
1:111  llv  when  it  is  between  the  parts  of  any  of  the  achromatic 

S©o.  Care  of  the  Eyes. — In  regard  to  this  matter  we  quote  the 
,,yT  HsrieiiGfi  of  Prof.  Carpenter:    "Although  most  microseopists 

vll< '  habitually  work  with  the  monocular  microscope  acquire  a 

\»V»it  of  employing  only  one  eye  (generally  the  right),  yet  it  will 

be  decidedly  advantageous  to  the  beginner  that  he  should  learn 

be  either  eye  indifferently;  since  by  employing  and  resting 

each  alternately,  he  may  work  much  longer  without  incurring 
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unpleasant  or  injurious  fatigue,  than  when  lie  til  ways  employs 
the  same.  Whether  or  not  he  do  this,  he  will  find  it  of  great 
importance  to  acquire  the  habit  of  keeping  open  the.  unemployed  eye. 
This,  to  such  as  are  unaccustomed  to  it,  seems  at  first  v._t\  ■■■:■>- 
barrassing,  on  account  of  the  interference  with  the  microscopic 
image  which  is  occasioned  by  the  picture  of  surrounding  objects 
formed  upon  the  retina  of  the  second  eye;  but  the  habit  of 
restricting  the  attention  to  that  impression  only  which  is  received 
through  the  microscopic  eye,  may  generally  he  soon  acquired: 
and  when  it  has  once  been  formed,  all  difficulty  ceases.  Those 
who  find  it  unusually  difficult  to  acquire  this  habit,  may  do  well 
to  learn  it  in  the  first  instance  with  the  assistance  of  a  shade; 
the  employment  of  which  will  permit  the  second  eye  to  be  kept 
open  without  any  confusion.  So  much  advautage,  however,  is 
derived  from  the  use  of  the  binocular  arrangement,  either 
Btereoscopic  or  non-stereoscopic,  that  its  use  is  stronglv  recom- 
mended to  every  observer,  save  in  cases  of  exceptional  difficulty. 
There  can  be  no  doubt  that  the  habitual  use  of  the  microscope, 
for  many  hours  together,  especially  by  lamp-light,  and  with  high 
magnifying  powers,  has  a  great  tendency  to  injure  the  sight. 
Every  inieroscopist  who  thus  occupies  himself,  therefore,  will  do 
well,  as  he  values  his  eyes,  not  merely  to  adopt  the  various  pre- 
cautionary measures  already  specified,  hut  rigorously  to  keep  to 
the  simple  rule  of  »nt  mnthnijuij  In  unserve  any  longer  thin  h 
do  so  without  fatigue." 

691.  Errors  of  Interpretation. — "  These,  arising  from  the  imper- 
fection of  the  focal  adjustment,  are  not  at  all  uncommon  amongst 
young  tnicroscopists.  Indistinctness  of  outline  will  sometimes 
present  the  appearance  of  a  pellucid  border,  which,  like  the 
diffraction- band,  may  be  mistaken  for  actual  substance.  But 
the  most  common  error  is  that  produced  by  the  reversal  of 
the  lights   and   shadows   resulting  from  the  refractive   powOM 

'      1-discs     ■ 
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of  the  object  itself;  thus,  the  bi  eon  cavity  of  the  bloml-d 
human  (and  other  mammalian)  blood  occasions  their  CMtMl  :  Q 
appear  dark  when  in  the  focus  of  a  microscope,  through  \.hv 
divergence  of  the  rays  which  it  occasions;  but  when  brought 
a  little  within  the  focus  by  a  slight  approximation  of  the. 
object-glass,  the  centres  appear  brighter  than  the  peripheral 
parts  of  the  discs." 

"  The  student  should  be  warned  against  supposing  that,  in  all 
cases,  tho  most  positive  and  striking  appearance  is  the  truest ;  for 
this  is  often  not  the  case.  Mr.  Slack's  optical  Ultisutn  or  pTfcm 
crack  slide,  illustrates  an  error  of  this  description.  A  drop  ol 
water  holding  colloid  silica  in  solution  is  allowed  to  emporate 
on  a  glass  slide,  and,  when  quite  dry,  covered  with  thin  glass 
to  keep  it  clean.     The  silica  deposited  in  this  way  is  curium  * 


uurioualy 
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cracked  ;  and  the  finest  nf  these  cracks  can  lie  made  to  present 
>  very  positive  ami  deceptive  appearance  of  being  ruined  bodies 

::k..:   gWRB  thread*.' 

"A  very  Important  and  very  frequent  source  of  error,  which 
Kunetimes  operates  even  on  experienced  niicroscopists,  lies  in 
the  refractive  influence  exerted  by  certain  peculiarities  in  the 
internal  structure  of  objects  upon  the  rays  of  light  transmitted 
through  them;  this  influence  being  of  a  nature  to  give  rise  to 
appearances  in  the  image  which  KiiL'gest  to  the  observer  an  idea 
of  their  cause  that  may  he  altogether  different  from  the  reality. 
*  >f  this  tul lacy  we  have  a  'pregnant  instance'  in  the  misinter- 
pretation of  the  nature  of  the   lac  mug  and  ranaliculi  of  bone, 
■*^*bich  were  long  supposed  to  be  solid  corpuscles  with  radiating 
-filaments  of  peculiar  opacity,  instead  of  being,  as  is  now  uni- 
-%,-eraally  admitted,  minute  chambers  with    diverging  passages 
453-  acavated  in  the  solid  osseous  substance.     For,  just  as  the  con- 
-«-*xity  of  its  surface  will  cause  a  transparent  cylinder  to  show  a 
flight  axial  band,  so  will  the  concavity  of  the  internal  surfaces 
t>tf  the  cavities  or  tubes  hollowed  out  in  the  midst  of  highly 
striding  substances  occasion  a  divergence  of  the  rays  passing 
•  rough  them,  and  consequently  render  them  so  dark  that  they 
~e  easily  mistaken  for  opaque  solids.     That  such  is  tin  case 
i  th  the  so-called  '  bone  corpuscles,'  is  shown  by  the  effect  of  the 
J  filtration   of  Canada  balsam  through  the  osseous  substance; 
or  when  this  fills  up  the  excavations,  being  nearly  of  the  same 
r«*tr:i,'tive  power  with  the  bone  itself,  it  obliterates  them  alto- 
gether.    The  best  method  of  learning  to  appreciate  the  class  of 
appearances  in   question,  is  the  comparison   of  the  aspect  of 
globules  of  oil  in  water  with  that  of  globules  of  water  in  oil, 
°r  of  bubbles  of  air  in  water  or  Canada  balsam.    This  com- 
parison may  be  very  readily  made  by  shaking  up  some  oil  with 
water  to  which  a  little  gum  has  been  added,  so  as  to  form  an 
"nalsion;  or  by  simply  placing  a  drop   of  oil   of  terpentine 
(colored  by  magenta  or  carmine)  and  a  drop  of  water  together 
on  a  slip  of  glass,  laying  a  thin  glass  cover  upon  them,  and  then 
moving  the  cover  several  times  backwards  and  forwards  upon 
'fte  slide.     Now  when  such  a  mixture  is  examined  with  a  suf- 
ficiently high  magnifying  power,  all  the  globules  present  nearly 
"ie   same  appearance,  namely,  dark  margins  with  bright  cen- 
t[es '  ',ut  Wnetl  tut'  test  n*  alteration  of  the  focus  is  applied  to 
"'fefii,  the  difference  is  at  once  revealed  ;  for  whilst  the  globules 
°"    oil  surrounded  by  water  become  darker  as  the  object-glass  is 
rff?*»-f3W,  and  lighter  as  it  is  raised,  thoBe  of  water  surrounded  by 
'l*     become  more  luminous  as  the  object-glass  ie  depressed,  and 
'™r"tcer  a8  ^  j3  raised.    The  reason  of  this  lies  in  the  tact  that  the 
nl&li  refracting  power  of  the  oil  causes  each  of  its  globules  to 
wt  like  a  doubl c-convex  lens  of  very  short  focus;  and  as  this 
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will  bring  the  rays  which  pass  through  it  into  convergence  above 
the  globule  (t.  e.,  between  the  globule  and  the  objective),  its 
brightest  image  is  giveu  when  the  object-glass  is  removed  some- 
what further  from  it  than  the  exact  focal  distance  of  the  object. 
On  the  other  hand,  the  globule  of  water  in  oil,  or  the  minute 
bubble  of  air  in  water  or  balsam,  acts,  in  virtue  of  its  inferior 
refractive  power,  like  a  double-co«c«ce  lens ;  and  as  the  rays  of 
this  diverge  from  a  virtual  focus  below  the  globule  (i,  e.,  between 
the  globule  and  the  mirror),  the  spot  of  greatest  luminosity  will 
be  found  by  causing  the  object-glass  to  approach  icttfiin  the 
proper  focus.  A  thorough  mastery  of  these  appearances  is  very 
important  in  the  study  of  the  '  protoplasm  '  of  plants — the  '  ear- 
code'  of  animals, — which  includes  oil-particles,  together  with 
spaces  occupied  by  a  watery  fluid,  which  (having  been  at  one 
time  supposed  to  be  void)  are  known  as  '  vacuoles.' " 

592.  Non-vital  Motions.— The  power  of  self-movement  is  gen- 
erally given  as  the  leading  attribute  of  living  creatures,  but  it  is 
now  known  that  all  substances,  organic  and  inorganic,  will  ex- 
hibit a  kind  of  motion  known  as  ptdesis,  if  reduced  to  the 
proper  degree  of  subdivision  and  suspended  in  a  fluid.  When 
the  specific  gravity  of  the  liquid  approximates  closely  to  that 
of  the  particleH  of  the  solid  a  less  degree  of  subdivision  is 
required. 

This  "  Brownian  jnoeement,''  as  it  is  also  called,  is  oscillatory, 
the  particles  rotating  backwards  and  forwards  upon  their  axes, 
and  changing  their  position  slightly  in  the  field  of  view.  Among 
the  substances  that  show  it  to  good  advantage  are  the  fine  kaolin 
prepared  for  photographers,  when  suspended  in  water,  or  verv 
finely  divided  pumice.  Tn  examination  of  urine,  minute  01 
of  certain  phosphates  exhibit  this  motion,  which  must  not  be 
confounded  with  that  of  bacteria  and  like  organisms. 

593.  Binocular  and  Chemical  Microscopes. — In  the  former  the 
pencil  of  light  from  the  objective  is  divided  by  a  prism  and 
passed  along  two  shafts,  each  terminating  in  an  eye-piece.  lty 
this  device  great  advantages  arc  gained  over  monocular  instru- 
ments, in  certain  special  investigations,  especially  in  those 
binoculars  arranged  to  produce  stereoscopic  effects. 

The  efiMirictil  irn'/roficope  differs  from  an  ordinary  instrument 
in  that  the  shaft  is  placed  below  instead  of  above  the  stage. 
The  object  may,  therefore,  he  examined  by  acids  and  other  re- 
agents without  injury  to  the  objective,  as  it  is  protected  l.v 
tne  glass  slide  on  which  the  substance  has  been  placed. 

For  further  information  regarding  these  and  all  other  matters 
concerning  microscopes,  the  student  is  referred  to  Prof, 


rred  to  Prof.   Car- 
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Eenter's  work  on  the  "  Microscope,"  from  which  this  Chapter 
as  been  so  largely  quoted,  and  of  which  we  cannot  speak  too 
highly. 

593  A.  Fixation  of  Images  may  he  accomplished  either  by  the 
hand  and  pencil  with  the  aid  of  the  camera  lueida,  or  by  means 
of  photography.     In   the  former  the  method  is  identical  with 
that   described   for  the  measurement  of  magnifying  power  in 
{588).     -An  improved  camera  lueida  by  Zeiss  will  be  found  to 
iffet  increased  facilities  for  this  operation. 
Where  the  photographic  method  is  employed,  an  ordinary 
camera  box,  from  which  the  lenses  have  been  removed,  is  sub- 
stituted for  the  eye-piece  of  the  microscope.     The  two  instru- 
t  neiits  may  be  connected  light-tight  hy  means  of  black  velvet  or 
"loth,  and  the  image  focussed  on  the  ground  glass  of  the  camera. 
A  beam  of  sunlight  rendered  stationary  by  a  heliostat,  and  con- 
K'lised  if  necessary,  is  the  best  method  of  illumination  for  high 
.  Kwere.     To  make  the  chemical  and   visual  foci  the  same,  and 
tliereby  avoid  all  difficulty  in  obtaining  sharply  defined  pictures, 
t-l-te  beam  should  be  passed  through  a  glass  cell  filled  with  atu- 
ruonio-sulphate   of  copper,  which  allows  only  violet  and   blue 
light  to  pass  freely.     Prof.  J.  W.  Draper  employed  this  method 
1,1  obtain  photographs  for  his  work  on  "  Physiology,"  and  was 
the  first  to  make  photographs  by  the  high  powers  of  the  micro- 
scope. 


594  Preparation  of  Slides  and  Covers. — For  the  support  of  the  object 
u*»tier  Ihe  objective,  gluts  slides  are  required.  These  are  made  of  a  putant  plate 
ni»tiijf»(.iiired  for  the  purpose.  It  should  be  free  from  nir-hubtilo,  veins,  or  other 
I*"  liorfeclions,  and  cut  to  a  size  of  three  inches  by  one,  with  the  edges  ground, 
^■■v  may  be  purchased  for  about  the  same  cost  as  the  glass  itself,  and  sorted 
y*^m flian  b>  thickness  Into  groups  for  different  purpose*.  The  thinnest  should 
7*  t***d  for  inrwtixatioDi  requiring  high  power,  the  medium  for  ordinary  objects, 
*°^  tlie  thick  for  those  which  are  to  be  groond  down. 

T"  eUante  the  slides,  immerse  them  for  twenty-four  hours  in  strong  sulphuric 
T*l'*3;  then  rinse  in  polash  or  soda  soliilion,  followed  hy  distilled  water;  then 
j  *  t'edry  with  a  towel,  and  polish  with  an  old  handkerchief.  Another  method  is 
"    ■  wimerse  them  Tor  a  day  in  a  fluid  composed  of— 

Potassium  dichromate 9  OS. 

Bulpburloacid Sfl.oz. 

Water 25  fl.  oz. 

^*-"nj  1  slide  is  used,  the  dust  should  be  carefully  wiped  off. 
.^  j-^*ld  slides  should  have   the  varnish   removed   by  scraping,  then   hy  a  suitable 
*.»j-     >^«jt  adapted  to  the  nature  of  the  varnish,  then   rubbed  with  a  Quid  composed 
•^       ^qual  parti  of  benzole,  alcohol,  and  liquor  soda,  and  finally  washed  in  clean 

»il_*-  he  thin  glass  required  for  covering  and  protecting  the  object  may  be  purchased 
J?  ^ady  cut  in  squares  and  circles.  Pieces  as  thin  as  zls  of  an  inch  can  be 
ni_*-*in'ed.     It  is  verv  brittle;  and  if  required  of  special  size,  must  be  laid  on  n 
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It  should  be  sorted  into  three  grades,  the  thickest  for  low,  the  medium  and  thin- 
nest for  high  powers. 

For  injected  specimen?,  "lit!  thick  objects  r i- r j u  1  r i 1 1  it  "pace  between  the  slide  and 
cover,  cells  are  constructed  either  with  rinirs  ofeemem,  ulu-s  or  rubber,  prepared 
Cor  the  purpose.  These  cements  are  also  used  for  sealing  the  cell*  when  the 
mounting  is  completed. 

Large,  deep  cells  are  built  up  of  carefully  ground  pieces  of  plate  glass. 

505.  Preparation  of  Object.— The  specimen  examined  may  be  either 
transparent  or  opaque,  fluid  or  solid.  The  simplest  rase  is  a  Jtuiri /Containing 
free  telle  or  corpuscles — as,  for  example,  blood.  In  this  instance,  a  drop  is  trans- 
ferred to  the  centre  of  the  slide  by  a  glass  rod,  tbe  cover  Is  then  gently  laid  on 
in  such  a  manner  that  it  louche*  along  one  Bide  first ;  the  entrapping  of  air-bubble* 
it  thus  avoided.  The  margin  of  the  cover  is  then  touched  with  apiece  of  blotting- 
paper,  which  absorbs  the  excess  of  Quid  by  capillary  attraction,  and  the  specimen 
is  ready  for  examination. 

If  a  sediment  is  to  be  examined,  it  run  v  be  trui]-l',-rrc,l  without  additional  inix- 
i'lrv    Hill      |!m,|,  !,v    ||, ■■     ,..,■    ..I'   :,        .p.  ■■■■'  ;    i:     ■-  i 

fluid  removed,  as  in  tbe  preceding  cane. 

Soft  sot  id*,  especially  if  fibrous,  are  prepared  by  taking  a  thin  slice  and  (casing 
the  fibres  apart  by  needle*.  For  this  purpose,  ordinary  sewing  needles  can  be 
fitted  into  wooden  handles  by  the  eye  extremity.  The  free  end  is  straight,  or 
curved  as  required.  To  obtain  Uio  lalter,  raise  the  temperature  of  the  free  end 
for  a  moment  to  red  heat:  when  cool,  bend  as  desired.  It  is  then  again  made 
red-hot,  and  while  in  that  state  immersed  in  cold  water,  to  restore  hardness. 

506.  Hardening  and  Section- cutting.— In  a  great  number  of  oases  it 

for  examination.  In  many  of  the  lower  creatures  the  proportion  of  water  is  so 
great  that  its  removal  involve*  a  shrinkage  which  completely  obscure*  their 
structure.     The  following  are  tbe  chief  !«rau  employed: 

Alcohol:  Tbe  material  should  be  first  soaked  for  a  day  or  so  in  a  mixture  of 
equal  parts  of  rectified  spirit  and  water,  ihen  for  a  couple  of  days  in  rectified 
spirit,  and  then  in  absolute  alcohol.  The  opacity  arising  from  coagulation  of  the 
albuminous  constituents  is  avoided  by  the  addition  of  a  little  caustic  Soda. 

CViromie  acid  is  very  generally  employed.  It  should  be  kept  in  one  percent- 
solution,  and  diluted  when  used.     Carpenter  recommends  tbe  following  mode  of 

"  The  menstruum  having-  been  prepared  by  mixing  two  parts  of  a  one-sixth  per 
cent,  solution  of  chromic  acid  and  one  part  of  methylated  spirit,  the  material 
must  be  cut  into  pieces  about  hair  an  inch  square,  and  put  into  a  wide-mouthed 
stoppered  bottle  holding  from  six  to  ten  ounces  of  tbe  fluid;  this  fluid  thould  be 
ilmtojiil  ni  the  ond  'if  twenty- four  hour;,  and  then  every  third  day.  The  material 
will  be  sufficiently  hard  in  from  eight  to  twelve  days.  If  not,  the  process  must 
be  continued,  care  being  taken  that  it  be  not  so  prolonged  as  to  render  tbe  sub- 
stance brittle.  The  hanJi'iiing  may  afterward?  be  completed  by  transferring  the 
substance  first  to  dilute  and  then  to  stronger  spirit.  The  spirit  must  be  changed 
as  often  as  it  becomes  foul ;  when  it  remains  bright  and  clean,  the  specimen  if 
ready  for  cutting." 

Oimic  acid:  •'  This  agent  is  one  of  peculiar  value  to  the  microacopist  whose 
studies  lie  among  the  lower  form*  of  animal  and  vegetable  life,  as  its  application 
immediately  kills  them,  without  producing  any  retraction  or  shrinking  of  thoir 
parti,  and  not  only  preserves  their  tissues,  but  brings  out  differences  in  those 
which  might  otherwise  escape  observation.  It  is  sold  in  the  solid  state  in  sealed 
tube*,  and  i*  molt  conveniently  kept  as  a  one  per  cent,  solution  in  distilled  water. 
The  solution  should  be  preserved  in  well-stoppered  bottles  secluded  from  the 
light,  and  should  be  used  with  great  caution,  as  it  gives  forth  a  pungent  vapor 
which  is  very  irritating  to  the  eyes  and  nostrils.  To  tbe  hislologisl,  its  aptbiatl 
value  lies  in  its  blackening  of  fatty  matters  and  the  medullary  substance  of  nerve- 
Ill. rr..  Tbe  embryologist  finds  it  of  peculiar  value  in  giving  flrmneaa  and 
distinctness  to  the  delicate  textures  with  which  he  has  to  deal.     Various  degrees 
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of  dilation  of  the  one  per  cent,  solution  will  be  needed  for  these  different  purposes. 
Mr.  Parker  states  that  he  has  found  this  agent  very  serviceable  in  the  preparation 
of  delicate  vegetable  structures.  The  acid  seems  to  be  taken  up  by  each  granule 
of  the  protoplasm,  and  these  to  be  decomposed,  giving  to  the  granule  the  charac- 
teristic gray  color,  thus  at  the  same  time  both  hardening  and  staining.  A  mixture 
of  nine  parts  of  a  one-fourth  per  cent,  solution  of  chromic  acid,  with  one  part  of  a 
one  per  cent,  solution  of  osmic  acid,  answers  for  many  purposes  better  than  osmic 
acid  alone,  the  brittleness  produced  by  its  use  being  completely  avoided.  After 
being  subjected  to  this  agent,  the  specimens  should  be  treated  with  thirty  per 
cent. alcohol,  gradually  increased  in  strength  to  absolute." 

For  cutting  thin  sections^  various  devices  are  employed.  The  simplest  is  that  by 
small,  keen-bladed  acitsors,  which  are  either  straight  or  curved.  The  best  are 
provided  with  a  spring,  by  the  action  of  which  the  blades  are  self-opening.  For 
finer  work,  and  to  secure  parallel  surfaces,  Valentine's  two-bladed  knife  was  for- 
merly used,  but  it  has  been  superseded  by  better  methods,  among  which  is  the — 

697.  Simple  Microtome,  which  is  described  as  follows  by  Prof.  Carpenter : 
*'  Various  costly  machines  have  been  devised  for  this  purpose,  some  of  them  char- 
acterized by  great  ingenuity  of  contrivance  and  beauty  of  workmanship ;  but  most 
of  the  purposes  to  which  these  are  adapted  will  be  found  to  be  answered  by  a  very 
simple  and  inexpensive  little  instrument,  which  may  either  be  held  in  the  hand, 
or  (a*  ig  preferable)  may  be  firmly  attached  by  means  of  a  T-shaped  piece  of  wood, 
Fig.  269,  to  the  end  of  a  table  or  work-bench.      This  instrument  consists  essen- 

Fig.  260. 
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Microtome. 


*^^lv  of  an  upright  hollow  cylinder  of  bras*,  A,  with  a  kind  of  piston  which  is 

^*^*oed  from  below  upwards  by  a  fine-threaded  or  '  micrometer  '  screw  turned  by 

r>       rKe  milled-head,  B ;  at  the  upper  end  the  cylinder  terminates  in  a  brass  table, 

»   Which  is  planed  to  a  flat  surface,  or  (which  is  preferable)  has  a  piece  of  plate 

?1***  cemented  to  it,  to  form  its  cutting-bed.     At  one  side  is  seen  a  small  milled- 

^*<i,  D,  which  acts  upon  a  'binding-screw,'  whose  extremity  projects  into  the 

^*vHv  of  the  cylinder,  and  serves  to  compress  and  steady  anything  that  it  holds. 

^S  cylindrical  stem  of  wood,  a  piece  of  horn,  whalebone,  cartilage,  etc.,  is  to  be 

*^t%d  to  the  Interior  of  the  cylinder  so  as  to  project  a  little  above  its  top,  and  is 

*°  be  steadied  by  the  *  binding-screw;'  it  is  then  to  be  cut  to  a  level  by  means 

^  a  sharp  knife  or  razor  laid  flat  upon  the  table.     The  large  milled-head  is  next 

t^be  moved  through  such  a  portion  of  a  turn  as  may  very  slightly  elevate  the 

•Stance  to  be  cut,  so  as  to  make  it  project  in  an  almost  insensible  degree  above 

the  table,  and  this  projecting  part  is  to  he  sliced  off  with  a  knife  previously  dipped 

in  water.     For  many  purposes,  an  ordinary  razor  will  answer  sufficiently  well, 

hut  thinner  and  more  uniform  sections  can  be  cut  by  a  special  knife,  having  its 
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edge  parallel  to  its  back,  its  sides  slightly  concave,  and  its  back  with  a  uniform 
thickness  of  rather  less  than  one  fourth  inch.  Such  a  knife  should  be  four  or  fire 
inches  long,  and  seven-eighths  inch  broad  ;  and  should  be  set  in  a  handle  thorn 
four  inches  long.  The  motion  given  to  its  edge  should  be  a  combination  of  dnxviw 
and  pressing.  It  will  be  generally  found  that  belter  sections  are  made  by  working 
the  knife  from  the  operator  than  towards  him.  When  one  slice  has  been  thu* 
taken  off,  it  should  be  removed  from  the  blade  by  dipping  it  into  water,  or  by  the 
use  of  a  camel's-hair  brush  ;  the  milled-head  shouid  be  again  advanced,  and  another 
section  ta-en  ;  and  so  on.  Different  substances  will  be  found  both  to  bear  and  to 
require  different  degrees  of  thickness ;  and  the  amount  that  suits  each  can  only  be 
found  by  trial.  It  is  advantageous  to  have  the  large  milled-head  graduated,  end 
furnished  with  a  fixed  index,  so  that  this  amount  having  been  once  determined, 
the  screw  shall  be  so  turned  as  to  produce  always  the  exact  elevation  required 
Where  the  substance  of  which  it  is  desired  to  obtain  sections  by  this  instrument  H 
of  too  small  a  size  or  of  too  soft  a  texture  to  be  held  firmly  in  the  manner  jart 
described,  it  mav  be  placed  between  the  two  vertical  halves  of  a  cork  of  raiuble 
size  to  be  pressed  into  the  cylinder ;  and  the  cork,  with  the  object  it  grasps,  ii  then 
to  be  sliced  in  the  manner  already  described,  the  small  section  of  the  latter  being 
carefully  taken  off  the  knife,  or  floated  away  from  it,  on  each  occasion,  to  present 
it  from  being  lost  among  the  lamellae  of  cork  which  are  removed  at  the  same  time- 
Vertical  sections  of  many  leaves  mav  be  successfully  made  in  this  way." 

In  Hailes's  microtome  the  irregular  action  of  the  raising  screw  is  corrected  ty 
the  use  of  two  cylinders,  one  working  inside  the  other. 

When  the  substance  is  very  soft,  it  is  embedded  in  a  cylinder  of  elder-pith,  c**v 
to  fit  the  cylinder  of  the  microtome.     Plugs  of  paraffine,  made  by  pouring  O* 
melted  material  into  the  cylinder  of  the  microtome,  are  also  employed.     The  ***? 
stance  is  set  in  the  plug,  which  is  then  inserted  into  the  microtome  cylinder.    *^? 
give  greater  consistency  to  the  embedding  material,  especially  where  fats  are  u*^^' 
various  forms  of  freezing  microtome  have  been  devised.     These  are  essential    *  t 
the  preparation  of  sections  of  such  tissues  as  lung,  where  the  fat  must  be  sufficient  *  ~ 
soft  to  penetrate  the  interstices  of  the  body  to  be  embedded,  and  afterwards  ga*- 
sufficient  consistency  to  support  the  tissue  before  the  edge  of  the  knife. 

Thin  sections  of  hard  tissues,  like  bone,  are  prepared  by  grinding  them  dow 
after  attaching  them  to  glass. 


508.  Injection. — Injections  should  be  opaque  where  inequalities  of  form 
to  be  shown,  and  transparent  where  the  vessels  of  thin  transparent  membranes 
to  be  displayed.  The  material  generally  used  is  fine  size  or  gelatine  of  the 
consistence  of  a  firm  jelly  when  cold.  The  solution  should  be  strained  through 
new  flannel  while  hot,  and  preserved  from  dust  under  a  layer  of  alcohol  in  a 
covered  jar. 

The  best  red  coloring  matter  is  levigated  vermilion,  about  two  ounce*  to  the 
pint  of  size,  thoroughly  mixed  therewith  while  melted,  and  the  mixture  strained 
through  muslin. 

F-ra  yellow,  freshly  precipitated  chromate  of  lead  may  be  employed.  It  should 
be  prepared  as  follows  :  Dissolve  200  grains  of  plumbic  acetate,  in  another  portion 
of  water  lOo  grains  of  potassium  chromate,  mix,  stir,  allow  precipitate  to  settle: 
decant  the  fluid  from  the  sediment,  and  mingle  the  latter  with  four  ounces  of  size. 

An  elegant  method  of  injecting  consists  in  throwing  first  one  and  then  the  other 
of  these  solutions  into  the  vessels.  For  this  purpose,  the  solutions  should  be 
saturated.     In  this  case  the  nitrate  of  lead  answers  better  than  the  acetate. 

For  white  injections,  carbonate  of  lead  is  recommended. 

Blue  injections  do  not  answer  well :  they  appear  black. 

The  syringe  should  be  fitted  with  jet  pipes  of  various  sizes,  or  glass  jets  may  be 
drawn  down  to  tit  the  ve*sel>  accurately.  Since  delicate  vessels  are  often  easilv 
cut  by  thread,  the  iets  should  be  used  without  ligatures,  as  large  a  jet  as  possible 
being  employed.  The  pressure  upon  the  piston  of  the  svringe  should  be  moderate 
and  Meady.  In  place  of  a  syringe,  a  vessel  filled  with  tie  injection,  and  attached 
to  h  jet  by  a  long  rubber  tube,  mav  be  used ;  by  raising  the  vessel  to  different 
heights  any  desired  amount  of  uniform  pressure  may  be  obtained,  or  it  may  be 
gradually  incrvased. 
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When  the  injection  is  not  made  into  the  vessels  of  the  living  creature,  it  should 
be  performed  either  at  once  after  death,  or  when  the  rigor  mortis  has  passed  off. 

All  vessels  by  which  the  injection  might  escape  should  be  tied,  and  if  too 
minute  for  this,  the  tissues  themselves  must  be  ligatured. 

609.  Staining  *cts  either  by  simply  dyeing,  or  by  chemically  uniting  with 
fome  of  the  organic  constituents  of  the  preparation,  and  thus  differentiates  them 
from  others.  The  agents  which  dye  the  structures  are  chiefly  animal  or  vegetable 
coloring  matters ;  it  is  generally  necessary  to  fix  these  by  means  of  some  "  mordant. " 
Those  which  act  chemically  are  mineral  bodies. 

Staining  is  sometimes  done  before  the  section-cutting,  sometimes  afterwards. 
The  latter  method  is  to  be  followed  when  the  tissue  has  been  hardened  by  the  use 
of  chromic  acid.  If  the  staining  is  to  be  en  masse,  the  fluid  should  be  weak  and 
its  action  slow.  In  the  case  of  thin  sections,  it  should  be  conducted  as  rapidly  as 
poenble,  and  stopped  at  the  right  stage.  Generally,  watch-glasses  or  small  capsules 
can  be  used  for  section-work,  but  when  the  laminae  are  very  thin,  the  operation 
may  be  conducted  on  the  microscope-slide  on  which  the  preparation  is  to  be 
mounted.  In  this  case  the  fluid  is  added  and  removed  by  means  of  a  small 
syringe.  Sometimes  it  is  carried  on  even  after  the  thin  glass  cover  has  been  put  on. 
Many  different  agents  have  already  been  successfully  applied  for  this  purpose, 
bat  the  field  is  yet  an  extensive  one  and  open  to  great  improvement,  although 
important  results  have  been  attained.  Among  the  substances  which  have  thus  far 
been  utilized,  the  following  deserve  especial  mention : 

Carmine  was  one  of  the  first  used.  It  was  introduced  by  Dr.  Beale  for  dis- 
tinguishing protoplasm  from  other  formed  material.  It  has  an  especial  affinity 
for  cell  nuclei.     It  is  prepared  as  follows : 

Carmine 10  grs. 

Liquor  ammonise f^ss. 

Warm  in  a  test-tube,  and  boil  for  a  few  seconds,  cool,  add — 

Aq.  dest. 

Glycerine aa^U- 

Alcohol  .........     Jss. 

After  a  while,  filter.      If,  in  time,  the  carmine  deposits,  add  a  drop  or  so  of 
ammonia. 

To  fix  the  carmine  stain,  immerse  the  section  in  dilute  acetic  acid,  five  drops 
to  one  ounce  of  water. 

^^^o-cormin*,  diluted  and  used  alone,  gives  a  double-staining  action,  nuclei 
attracting  the  carmine,  and  the  other  tissues  the  picric  acid.  In  water  the  picric 
■tf*  is  removed,  and  the  carmine  stain  remains.  In  methylated  spirit  both  colors 
"y^tained. 

.  T*^*Mitoxylint  or  extract  of  logwood,  is  commonly  employed  in  place  of  carmine. 
11 »  *as*l  as  follows  : 

Extract  of  logwood 6  grammes. 

Alum 18        " 

Water 28  cub.  cent. 

FilU  , 

.    ^*ops  diluted  with  water  in  a  watch-glass  may  be  used  for  each  section.    The 


Jue*%  and  add  ^1  of  alcohol ;  preserve  in  stoppered  bottle  for  a  week  before  use. 
_®n  ^irops  diluted  with  water  in  a  watch-glass  may  be  used  for  each  section.    The 

acetic  acid  mixture  used  to 
LJ£*^  carmine  stain,  will  remove  excess  of  haematoxylin  stain. 
**&tnta  acts  like  carmine,  but  is  apt  to  fade. 

Magenta  crystals grs.  U. 

Aq.  dest. 5v*j' 

Alcohol 5ss. 

*°*in  gives  a  beautiful  garnet-red  color. 
AnUine  dyes  for  blue  and  green  colors. 
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Argentic  nitrate  and  Auric  chloride  arc  sometime*  employed  ;  IliC  former  for 
epithelium  cells,  tlia  latter  Tor  nerve,  tendon,  and  cartilage  eells. 

Valuable  information  may  often  tic  nbtnined  by  tin-  use  r.f  two  or  three  staining- 
fluids,  each  of  which  will  be  fixed  by  di Herein  tissues.  If,  for  example,  a  section 
is  made  through  the  base  of  a  cat's  tongue,  and  submitted  to  the  action  of  a  mix- 
ture of  picro-cermine,  rosein,  and  iodine-green,  the  muscle- fibre*  will  lake  ibe 
first;  the  connective  tissue  arid  protoplasm  cells,  the  second;  the  non-striated 
muscle,  epithelial  ceil-,  the  third  The  effects  are  more  striking  if  one  fluid  is  used 
after  another. 

600.  Chemical  Testing  is  best  accomplished  by  means  of  a  small  glass 
syringe,  upon  the  slide  on  which  the  object  is  to  ho  mounted.  For  examination 
of  inorganic  bodtM  nil  kind.-  of  reagents  may  he  used,  but  in  biological  inves- 
lis;ati'Jiis  the  fipll-pwitig  nre  of  e.'pceiiil  importance: 

Lugol's  solution  turns  starch  blue,  cellulose  brown,  and  albuminous  bo-die*  an 
intense  brown. 

Nitric  acid,  eon  cent  in  ted.  give*  inlen-e  yellow  to  albuminoid*. 

Milton's  reagent,  acid  nitrate  of  mercury,  gives  a  red  with  albuminoids. 

Acetic  acid  nets  upon  certain  tissues,  so  that  nuclei  are  made  more  apparent. 

Fixed  alkalies,  in  solution,  act  as  solvents  on  many  tissues;  the  cells  of  horny 
structures  may  thus  be  made  evident. 

Ether  dissolves  resin,  fats,  and  oils,  when  not  protected  by  membranes  soaked 
with  water. 

Alcohol  dissolves  resins  and  Some  volatile  oils,  but  not  Ilia  ordinary  oils  and  fats. 
It  coagulates  albuminoids,  thus  rendering  such  tissues  more  opaque. 

601.  Preservative  Media-— Re  carding  these,  Prof.  Carpenter  *a-yai 

"A  broad  distinction  may  be  in  the  first  place  laid  down  between  nut  mm*  and 
aqueous  preservative  media;  to  the  former  belong  only  Canada  balsam  and 
dammar,  whilst  the  latter  include  all  the  mixture*  of  which  water  is  a  conij>oui-hi. 
The  choice  between  the  two  kinds  of  media  will  partly  depend  upon  the  nature  of 
the  processes  to  which  the  object  may  have  been  pnmouuj  subjected,  and  partly 
upon  the  degree  of  transparence  which  may  be  advantageously  imparted  to  it. 
Section*  of  substances  which  have  been  nut  ■■nly  embedded  in,  but  penetrated  by, 
parafflne,  wax,  or  cacao-butter,  and  have  been  stained  [if  dosiredi  prtrloniij  la 
cutting,  are,  as  a  rule,  most  conveniently  mounted  in  Canada  balsam  or  dammar, 
since  they  am  be  M  niir.  Linn-i'.-r..  .i  ■.,  <-iih.  :■  ■  ■!'  1 1..--,  'i  ■.. 
which  the  embedding  material  has  been  di—nlved  out.  The  durability  ot  this 
method  of  mounting  makes  it  preferable  in  all  cases  to  which  it  is  suitable  ;  the 
exception  being  where  it  renders  a  very  thin  section  too  transparent,  which  is 
specially  liable  to  happen  with  dammar.  When  it  i«  dc-irnl  to  tin-uni  in  either 
of  these  media  sections  of  structures  that  have  been  embedded  in  gum  or  gelatine, 
these  substance-  nm>t  lii'-t  be  completely  di""tved-om  by  steeping  in  water;  lb* 
sections  must  then  bo  'dehydrated'  by  subjecting  them  bo  mixtures  of  spirit  and 
water  progressively  increased  in  strength  to  absolute  alcohol ;  and,  after  this  bat 
been  effected,  they  are  to  be  transferred  to  turpentine,  and  thence  to  benzoin.  In 
this  process  much  of  the  staining  is  apt  to  he  lost,  bo  that  stained  section*  are  often 
more  advantageously  mounted  in  some  of  those  aqueous  preparation*  of  glycerine 
which  approach  I  lie  resimus  incdiiL  in  transparence  ainl  permanence." 

Among  the  aqueous  media,  the  following  have  especial  consideration : 

Distilled  icatei;  saturated  with  camphor,  for  minute  protophylos.  The  addition 
of  one-tenth  part  of  alcohol  is  of  advantniie  when  the  preservation  of  color  is  not 
deBtred. 

(Striatic  and  solution,  made  with  cold  distilled  water. 

Salicylic  acid  mlali-m,  in  water,  for  delicate  structure*. 

Otycerme,  either  alone,  diluted,  or  mixed  with  gelatinous  substance*.  "Two 
cautions  should  be  given  in  regard  to  lb"  employment  >f  glycerine  :  first,  that, 
as  it  has  a  solvent  power  for  carbonate  of  lime,  it  itaoaM  not  he  used  for  tnuuntiag 
any  object  having  a  calcareous  skeleton;  and,  second,  that  in  proportion  a*  tl 
increases  the  transparence  of  organic  substances,  it  diminishes  the  reflect!  01;  patrer 
of  their  surfaces,  and  should  never  be  employed,  therefore,  in  the  mounting  of 
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Gtyterwe  j'Hy, subj ec t  lo  the  same  caution*.     It  may  be  prepared  as  follows: 

"  Take  any  cpianlily  of  Nelson's  gelatine,  and  let  it  scnk  tor  l*n  ur  three  hours  in 

cold  water;   pour  off  the   superfluous  water,  and  heat    the  soaked  gelatine  until 

melted.     To  each  fluidouncc  of  the  gelatine  add  one  drachm  of  alcohol,  and  mil 

well ;  then  add  a  fluid-drachm  of  the  white  of  an  egg.     Mix  well  while  the  gelatine 

i~   fluid,  but  cool.     Now  boil  until  the  albumen  coagulate*,  and  the  gelatine  is 

quite  clear.     Filter  through  fine  flannel,  and  to  each  fJuidounce  of  the  clarified 

gelatine  add  six  fluid-drachma  of  Price's  pure  glycerine,  and  mix  well.     For  the 

iij  fluid -drachms  of  glycerine,  a  mixture  of  two  parts  of  glycerine  to  four  of 

cr^mph or- water  may  be  substituted.     The  objects  intended  to  be  mounted  in  this 

medium  are  best  prepared  bv  bring  immersed  Am  some  time  in  a  mixture  of  one 

EM*.rt  of  glycerine  with  one  (»irt  of  diluted  alcohol  (one  of  alcohol  to  six  of  water). 

A.    final!  quantity  of  carbolic   acid  may  be  added  to  it  with  advantage.     When 

ii*i*d,  the  jelly  must  be  liqueliod  by  gentle  warmth,  and  it  is  useful   to  warm  both 

tbe  *Ude  and  the  cover-glass  previously  to  mounting.     This  tabes  the  place  of 

ul-  titt  was  formerly  known  as  Denne's  medium,  in  which  honey  was  used  to  prevent 

:h«  hardening  of  the  gelatine." 

601  A.  The  Microscope  and  Disease  Germs. — We  have  given  the 
de tails  of  the  processes  of  staining,  section-cutting,  etc.,  to  enable 
tljt;  student  to  understand  the  methods  resorted  to  of  late  in  the 
ntudy  of  the  relations  of  certain  plant-germs  to  various  diseases. 
Tliai  the  importance  of  this  subject  may  ho  appreciated,  we  give 
jV  list  of  the  ipeotnaenu  exhibited  at  the  Biological  Laboratory 
of  the  Health  Exhibition  at  London,  during  the  summer  of  1884, 
ii  receding  it  with  a  brief  account  of  the  organisms  themselves. 

They  are  known  as  Schizomycetea.  They  resemble  algte,  in 
that  th'ey  live  in  water;  and  plants,  in  that  they  can  feed  upon 
ammonia  tor  their  aitrogenized  material,  but  they  cautiot  de- 
compose carbonic  acid.  Their  carbon  food  is  derived  from 
cwrohydrates.  The  following  five  well-defined  groups  are  rec- 
qgaiiea : 

1-  jVicro' ■/>>■,;.  Ihirk-colored  spherical  or  oval  minute  cells. 
SoiDetimea  spores  of  bacteria,  or  bacilli,  but  as  they  often  do 


*/« 


not  develop  into  anything  higher  than  micrococci,  must  be  re- 


ff* 


fded 


cial  form. 


2.  Baeteria.  Minute  oblong  cells,  usually  attached  in  pairs 
,.,n!  (o  end,  are  sometimes  single,  reproduce  by  fission,  usually 
jp  vacillating  movement  by  their  flageUa.  Flagella  frequently 
J^Ainr1"  inch  thick,  in  special  ferments,  as  that  of  sour  milk. 
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A.  Bacterium  tenno,  4000  diameters.    B,  C,  D.  Bacterium  lincoU,  3U(K)  diameter*. 


FlO.  272. 


^fffft,    ~r&S>- 


A.  Bacillus  subtilis,  4000  diameter*. 


FlO.  273. 


Vibrio  rvgula,  2«*«>  diameter*. 


A.  S|*irillttiii  iiudula.  ;*■*»  di*in*Uar» ;  B.  Spirillum  iidutaaa,  3M'diaaM«efK 
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•3.  Bacilli.  Special  character,  extension  of  its  cells  into  straight 
rods,  sometimes  very  long,  which  divide  transversely  into  sepa- 
rate cells  with  flagellum  at  each  end.  Move  in  a  pausing  manner, 
like  a  fish  forcing  its  way  through  reeds.  B.  anthracis,  -joVnth  to 
[tjaffth  inch  long.     Multiply  indefinitely  in  tissues. 

4.  Vibrioses  resemble  bacilli,  hut  are  flexible  instead  of  straight. 
Formed  chiefly  in  infusions  of  decomposing  organic  matter;  have 
a  wavy,  serpentine  movement. 

5.  Spirilla  are  the  largest  of  the  group.  Have  the  cell  spirally 
coiled,  and  possess  a  corkscrew-like  movement;  found  in  stale 
liquids  which  have  passed  through  the  active  stage  of  putres- 
cence. 

All  these  multiply  either  by  transverse  cell  subdivision,  or  by 
the  breaking  up  of  their  endoplasm  into  spores,  the  reproduc- 
tion of  which  is  entirely  non-sexual. 

\fost  of  the  specimens  in  the  Biological  Laboratory  were  cul- 
tivated in  an  infusion  made  as  follows: 

Lean  meat 1  pound. 

Gtbttioe 100  grammes. 

PlMoM 10         " 

Sodium  chloride 1         " 

Water,  diftilled 1  litre. 

The  solution  is  boiled  and  kept  in  separate  flasks  plugged 
■w-ith  cotton.  The  mouth  of  the  tube  is  also  protected  from  con- 
tact with  air. 

The  infusion,  when  cold,  sets  as  a  jelly,  and  in  it  the  growths 
take  place.  Sometimes  they  liquefy  it.  In  all  cases  the  greatest 
care  should  be  taken  to  sterilize  the  infusion  by  heating  it  one 
hour  in  the  tube  in  which  the  experiment  is  to  be  performed, 
srt  100°  C,  keeping  the  tube  plugged  with  cotton. 

-A.  single  drop  of  London  water  drawn  from  the  tap  into  a 
teiBt^tnbe  containing  two  inches  of  this  infusion,  quickly  liquefied, 
and   nroduced  a  copious  deposit. 

Violet  and  fluorescent  bacilli  were  exhibited;  also  bacilli  from 
^reen  and  blue  pus,  and  from  blue  milk. 

Bacilli  of  tubercle,  found  in  all  tubercular  and  scrofulous 
disease  of  joints,  bones,  glands,  and  in  phthisis,  were  best  cul- 
tivated in  sterilized  blood  serum,  maintained  at  the  temperature 
of  tlje  body.  According  to  Dr.  Koch,  inhalation  of,  or  inocula- 
tion bVi  these  germs,  produces  tuberculosis  in  the  lower  animals. 
Bacilli  of  enteric  ferer,  obtained  from  sections  of  intestinal 
alcep«,  found  also  in  the  spleen,  liver,  and  in  the  kidney,  in 
cO^°t}ies  in  the  bloodvessels.     Cultivated  in  meat  solution. 

Bacilli  of  anthrax,  occurring  as  wool-sorters'  disease,  and  ma- 
lignant carbuncle.  Found  in  blood  and  in  heart  tissue.  They 
^r*i  the  largest  of  bacilli.  Cultivated  in  meat  solution  produce 
epOres,  hot  not  in  the  body.     Inoculation  in  lower  animals, 


:.^~  t-i  .  :  ic-f. :«:  — -r'T  of  the  disease 
.  n-    ..    .    -:z^:  ±".-=-:  "SE-irL  the  charac- 

m  .  li  :-r -:"•>?;:: g  fluids,  are 
.:_.—  -  :,:  T"i  £  :  i-re-i'.e  in  meat 
:•_  .-  r_  -  *  ~i  i  ir*.  V^oiili  in  the 
-  _r- .-:-.     li  •  :  -i-T-i   :::   ear  of  rabbit. 

—  ■^-■r-:::-^'      \i-^r  -rar.    Disappears 
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-     j.  -l>  T-.i  great  numl>er  of 
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":"   -:. :  :::  lymphatic  vessels         *-  J 
— .  :  ..:.y  r:bes  being  com-        —  * 
--   *      '^r-^v  \\i  chains:   eulti—       ~* 
■  ;.  j.:-.  :  :.:s  car  of  rahbit  pro-      _~* 
. -■■-    -;:*:.   same  condition   ot  "     **  * 

■  .  .-=>.  av.d  cancerous  tumors  *S 
.-.  -:   fivoraMv  bv  cultivated 

.  s,:..Ber::n.  K*3.) 
.  .  :  :.:h>:cal  sputa  whore  de- 
-.•.".  resembles  sarcina :  stained, 
I  >,.:"a:cd  in  mice  and  guinea- 
7;.v  4  groups  found  in  capil- 
r-'.s  of  these  accumulating  in 

■  -.a*,  coat  and  cause  peritonitis 
:•...•: mens,  photographs  of  the 
:   '\ver  best  adapted  was   7"u 


\    ..    ;    •  '•  .:;.  ::.  rabbits,  micrococci. 

V-    *    ."-    7.  v   4.   Krv-i;  ./.as  in  man.  micrococci. 
N,u    pi.  1;:.  i  i-'.-'ii. vi.Iitis.  micrococci. 
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No.  11.  Diphtheritic  inflammation  of  bladder  in  man,  plugs 
of  micrococci  in  kidney  vessels. 

Nos.  14,  15.  Progressive  formation  of  abscess  in  rabbits, 
micrococci. 

No.  16.  Recurrent  fever  in  monkey.  Spirilla  among  blood 
corpnsek-s. 

No.  18.  Ditto  in  man,  similar  spirilla. 

Nos.  19,  22,  23.  Smallpox  in  man.  Liver  section  plugged 
with  micrococci. 

Nos.  20,  21.   Pyelonephritis.     Microorganisms  in  tubules. 
Xo.  "25.  Erysipelatous  process  in  rabbits.     Long  delicate  ba- 
cilli penetrating  tbe  tissues. 

No*.  20,  27.  Ulcerative  endocarditis.  Heart  section.  Plugs 
nf  micrococci  in  capillaries. 

Noe.  28,  -12.  Ncpticsemia  in  rabbits.  Small  intestine  section. 
Capillary  plugged  with  oval  micrococci,  Same  in  glomerulus 
of  kidney. 

>Vis.  -i>\  31.  Sqitieremia  in  mice,  blood,  and  section  of  ear 
showing  minute  bacilli. 

Noe.  33,  34.  Splenic  fever  in  rabbits.  Section  of  kidney, 
bacilli. 

36)  30.  Glomerulus  with  anthrax  bacilli.     Same  in  sec- 
tions of  villus  and  of  liver. 

602.  Telescopes. — According  as  these  depend  upon  concave 

mi  mn,  or  convex  lenses,  for  their  action,  they  are  called  catop- 

tris?  and  dioptric  instruments.     In   the  first  the  pencil   of  light 

reflected  from  the  concave  mirror  is  passed  through  an  eye-piece 

to    the  eye.     In  the  second,  the  objective  or  tens  is  a  convex- 

acliromatic  of  long  focus,  and  considerable  diameter,  from  this 

the    twm  are  also  passed  through  an  eye-piece.     The  latter  is 

■j '..-in .Tally  of  the  form  described'  in  (573).     When  a.  telescope  is 

]ntonfu*o!  for  use  on  land,  or  for  objects  at  a  moderate  distance, 

"    is  called  terrestrial;  when  for  contemplation  of  objects  in  the 

lifts,  vens,  rdestial.     In  the  former  the  eye-piece  is  so  modified  as 

'"   present  an  erect  image.     In  instruments  for  observation,  or 

reading  scales,  and  for  other  purposes,  as  the  spectroscope,  this 

foUB  is  commonly  employed. 

The  ujicra-i/faxz  is  constructed  upon  the  principle  of  Galileo's 
telescope,  which  is  tbe  simplest.  It  consists  of  two  lenses  only, 
fix.,  a  double-convex  as  the  objective,  and  a  doable-concave  H 
ttoft  eye-piece.     Thus  a  very  bright  erect  image  is  produced. 


CHAPTER    XXVII. 

DOUBLE  REFRACTION,  INTERFERENCE,  DIFFRACTION,  A5D 
POLARIZATION. 

Double  refraction — Ordinary  and  extraordinary  ray — Interference  of  light— Dif- 
fraction— Diffraction  spectra — Plane  polarization  by  reflection— Ad  jle  «f 
polarization — Polarization  by  single  refraction — Polarization  by  double  re- 
fraction— Polarizing  instrument* — Theory  of  polarized  tight — Interference  * 
polarized  light—  Depolarization — Action  of  thin  films — Production  of  coU**4 
rings  by  polarized  light — Detection  of  molecular  change  by  polarized  light'' 
Elliptical  and  circular  polarization — Theory  of  elliptical  and  circular  pel***' 
zation — Production  of  circularly  polarized  light — Production  of  elliptic**** 
polarized  ligbt — Production  and  theory  of  rotatory  polarization — Colon!'*'* 
by  rotatory  polarization — Rotatory  power  of  liquide — Saocbari meter. 

These  are  additional  phenomena  presented  by  light  unci'*3 a 
special  conditions,  and  produced  by  action  of  surfaces  **V^ 
media.  They  are  all  explicable  upon  the  wave  or  undulato*"^ 
hypotheaia,  and  afford  most  satisfactory  evidence  of  its  correct 
nesa.  To  the  physiologist  and  student  of  medicine  they  are  *^ 
interest,  either  from  their  direct  application  in  explaining  tb"*"*1 
phenomena  he  witnesses,  or  in  furnishing  the  principles  upo-  ** 
which  certain  instruments  are  constructed  which  are  used  l"**** 
determining  the  changes  resulting  from  morbid  actions  in  th— ■"* 
system. 

603.  Double  Refraction. — If  a  crystal  of  Iceland  spar  be  placedaP 
upon  a  sheet  of  paper  which  bears  a  dark  spot  or  dot,  the  latter^ 


T*** 
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appears  double  when  viewed  through  the  crystal.     To  this  phe- 
nomenon of  splitting  or  bifurcation  ot  the  pencil  of  light  in  its 
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the  name  of  double  refraction  has  been  given.  All 
crystals  which  do  not  belong  to  the  cubical  system,  show  this 
■property  to  a  greater  or  less  extent;  Iceland  spar  being  at  the 
liead  ot  the  list.  Hon- crystalline  substances,  like  glass,  in  their 
•ordinary  state  are  not  double  refracting,  though  they  may  be 
miade  to  assume  that  property  by  unequal  compression,  or  when 
uuannealed. 

If  any  double  refracting  crystal  i.s  carefully  examined,  it  will 
k»e  found  that  there  is  one  direction  or  axis  in  which  the  Bpot  is 
*-*of  doubled.  This  is  called  the  optic  axis.  In  some  two  such 
^*-jces  are  found.    The  first  is  called  uniaxial,  the  second  biaxial. 

604.  Ordinary  and  Extraordinary  Ray. — If  in  the  experiment 
^~«lated  in   the  preceding  article,  the  line  of  vision  is  perpen- 
dicular, aud  the  crystal  turned  around  with  its  face  in  continu- 
ous contact  with  the  paper,  that  image  of  the  dot  nearest  to  the 
line  of  vision  will  remain  unchanged,  while  the  other  will  re- 
volve around  it.     The  first  of  these  is  called  the  ordinary,  the 
»econd  the  extraordinary  ray,  or  image.     The  former  follows  the 
laws  of  single  refraction,  viz.,  the  sines  of  the  angles  of  inci- 
dence and  refraction  bear  a  constant  relation  to  each  other,  and 
the  planes  of  incidence  and  refraction  are  coincident  (492).    The 
Utter,  on  the  contrary,  follows  neither  of  these  laws  except  in 
certain  positions. 

According  as  the  refractive  indices  of  the  ordinary  and  extra- 
ordinary rays  of  uniaxial  crystals  bear  certain  relations  to  each 
other,  they  are  called  negative  and  positive.  If  the  ordinary 
index  is  greater  than  the  extraordinary,  it  is  called  negative, 
and  vice  versS. 


\niaxial  crystals. 


] ■-■•!:inil  mar, 

T'.ir  niiiliht'. 

Sapphire. 


Nilre, 

Stroniianite. 
Arragonitc 


Ruby. 

Emerald. 
A  pa  lite. 


Positive  uniaxial  crystals. 
Apophyllile. 


605.  Interference  of  Light. — Make  two  small  apertures  of  the 
same  diameter,  and  close  to  each  other,  in  the  shutter  of  a  dark 
room :  cover  them  with  a  sheet  of  red  glass,  two  conical  pencils 


of  red  light  will  be  formed,  which  meet  and  overlap  each  other 
at  a  certain  distance  from  the  shutter.  If  a  screen  is  introduced 
into  their  path  beyoud  this  position,  it  will  be  seen  that  the 
overlapping  segment  produces  an  image  composed  of  alternate 
red  and  black  bands.  On  shutting  out  the  light  from  either 
aperture,  the  dark  bands  at  once  disappear.  It  is,  therefore, 
evident,  that  the  dark  fringes  have  been  caused  by  the  interfer- 
ence of  the  two  pencils  when  they  have  crossed,  and  that,  as  with 
sound,  two  systems  of  waves  may  interfere  and  destrov  each  other, 
producing  silence;  so  with  light,  two  systems  interfere  and  pro- 
duce darkness. 

The  same  results  are  obtained  with  any  other  homogeneous 
light,  the  only  difference  being  in  the  distances  of  the  bands 
from  each  other.  This  experiment  is  regarded  aa  giving  the 
most  satisfactory  evidence  of  the  correctness  of  the  undulatory 
or  wave  hypothesis  of  light.  In  white  light  the  component 
colors  produce  dark  bands  at  different  intervals,  these  being 
superimposed  but  not  coincident;  the  dark  lines  of  one  color 
are  illuminated  by  the  others,  and  a  series  of  colored  bauds  arise. 

608.  Diffraction. — If  a  beam  of  sunlight  is  admitted  through 
one  of  the  apertures,  and  the  pencil  of  red  light  passed  through 
a  abort- focus  convex  lens,  L,  Fig.  27(5 ;  on  intercepting  it  beyond 


the  focus  of  the  lens,  by  means  of  an  opaque  screen,  e,  with  a 
sharp  edge,  a  (a  knife-b"lade,  for  example),  the  following  appear- 
ances arise. 

1st.  The  edge  a  docs  not  cast  a  sharply  defined  or  geometrical 
shadow  upon  the  second  screen,  b,  of  which  B  is  a  trout   i  m* 
where  it  is  cut  by  the  plane,  the  edge  of  which  is  rflj 
by  the  line  a.  b,  but  a  faint  light  appears  below  this,  and  gradu- 
ally fades  away.     The  rays  in  passing  over  the  knife-edge, 
therefore,  been  bent  downwards. 

2d,  The  part  of  the  screen  above  the  line  where  it  is  cut  by 
the  plane  a  b,  we  should  expect  to  be  uniformly  lighted,  bat 
this  is  not  so;  it  presents  a  series  of  alternate  red  u 
bands  or  fringes,  which  are  fainter  as  we  pass  above  the  plane  a  b, 
until  they  finally  disappear.  The  limits  between  these  an  otH 
sharp  lines,  but  the  bands  are  regions  of  maximum  and  minimum 
intensity,  which  gradually  fade  into  each  other 
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3d,  Iu  the  first  of  these  there  is  a  bending  downwards  of  the 
rava,  whereby  a  part  of  the  geometrical  shadow  has  been  illu- 

■  imn&ted.  The  same  has  also  occurred  in  the  second,  and  it  is 
to  this  action  which  an  edge  impresses  upou  rays  of  light  that 
the  term  diffraction  is  applied. 
4th.  Light  of  every  color  shows  the  same  phenomena,  but 
the  fringes  are  broader  in  the  red,  and  become  narrower  as  we 
pass  through  the  spectrum  towards  the  violet.  In  white  light, 
■therefore,  the  dark  spaces  of  one  spectrum  color  are  illuminated 
by  the  light  of  the  next,  and  thus  an  image  composed  of  a  series 
of  colors  is  formed. 

607,  Diffraction  Spectra. — If  the  experiment  in  the  last  article 
i  s  modified,  causing  the  pencil  of  light  from  the  luminous  point 
-*^o  pass  through  a  narrow  slit  in  a  screen,  and  the  image  viewed 
-fjirough  a  telescope,  or  allowed  to  fall  on  white  paper,  the  fol- 
J  owing  phenomena  appear.  The  light  being  red,  the  image 
^^ronsists  of  a  red  band,  on  the  right  and  left  are  alternate  red 
^m.  nd  dark  bands,  the  former  gradually  fading  away.  The  series 
«r»  i  both  sides  are  alike  in  intensity  and  extent.  As  in  (605), 
-t  Jieir  breadth  differs  with  the  tint  of  the  light.  If  white  light  is 
^  *  li'Btituted  for  monochromatic,  a  series  of  similarly  placed 
ejr»eetra  appear  on  each  side  of  the  central  bright  line. 

If  in  place  of  a  simple  slit  a  number  of  parallel  linear  open- 
i  *~*gs  are  made  by  stretching  fine  wire  backward*  and  forwards 
iKToBS  an  opening, or  by  making  exact  pantile]  rulings  on  Bmoked 
trinss,  the  Bpectra  become  greatly  increased  in  intensity.  The 
*"»o!et  end  of  each  spectrum  is  towards  the  central  bright  image 
»"d  the  red  end  outwards.  The  length  or  dispersion  of  the 
-t"-'--tra  increases  with  their  distance  from  the  central  image, 
consequently  they  overlap  each  other,  and  unless  special  con- 
tr'n-ances  are  employed  only  the  first,  second,  and  part  of  the 
third  can  be  used. 

Killings  are  also  made  by  a  diamond  upon  metal  or  glass,  and 
W  called  aralivgs.  In  the  former  they  are  used  by  reflection,  in 
ttfl  latter  by  transmission,  or,  if  the  glass  is  silvered,  the  grating 
tliereon  may  he  used  in  the  same  manner  as  if  it  were  metallic. 
According  as  the  number  of  lines  to  the  inch  increase,  it  gives 
spectra  of  greater  dispersion  and  further  apart,  or  at  a  greater 
angle  to  the  central  bright  bar. 

IQmm  are  called  diffraction  or  inlerftrence  spectra,  and,  as  in 
sunlight,  the  colors  and  dark  lines  are  placed  according  to  their 
wave  lengths,  they  are  also  called  normal  spectra. 

Since  in  the  diffraction  spectrum  the  red  undergoes  more 
dispersion  than  in  the  prismatic,  it  is  better  adapted  for  investi- 
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fluids,  the  dark  bauds  they  produce  lying  chiefly  below  the  yel- 
low and  in  the  red  region. 

The   brilliant  iridescence  or  play  of  tints  on  certain  shett* 
and  other  surfaces,  is  caused  by  interference  decomposition   & 
light,  they  frequently  being  ruled  like  a  metallic  grating.      T& 
like  manner  the  colors  in  a  soap  bubble,  in  thin  films  of  mi**> 
glass,  and  other  substances;  in  fissures  in  glass,  and  in  oil     *>n 
water,  are  all  examples  of  color  produced  by  interference 
tween  rays  reflected  from  their  two  surfaces. 


Polarization  of  Light. 
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Of  the  phenomena  considered  in  this  Chapter,  polarization 
of  peculiar  interest  on  account  of  the  various  conditions  una 
which  it  arises,  the  diverse  effects  it  produces,  and  the  differed"  n* 
characters  it  presents.  Light  may  undergo  plane,  circul^^r» 
elliptical,  and  rotatory  polarization;  these  we  shall  examine  in 
the  order  given,  discussing  their  manner  of  production,  pec-  u" 
liarities,  and  applications. 

608.  Plane  Polarization  by  Reflection, — If  a  ray  of  light  faXZ—^ 
on  a  polished  unsilvered  glass  surface,  at  an  angle  of  35°  ~~      ^ 
it  is  not  only  reflected,  but   undergoes  another  extraordinary 

change;   for  if  the   reflected   ray 
received  at  the  same  angle  upon 
other  sheet  of  similar  glass,  it  is  m 
completely  reflected  when  the  face 
the  second  mirror  is  parallel  to  tha~ 
of  the  first,  as  in  Fig.  277,  in  whi 
a  is  an  incident  ray  of  ordinary  Ugh 
reflected  from  the  mirror  M',  in  th 
direction  6  c;  on  meeting  the  secon 

mirror  M"  at  c,  it  undergoes  reflec '^" 

tion,  following  the  line  c  a;  on  rotat-  — "-" 
ing  the  mirror  M"  on  its  vertical  axis, 
the  reflected  ray  loses  its  intensity, 
and  when  M"  has  moved  through  90°, 
the  light  fulling  on  its  surface  from 
M'  is  no  longer  reflected. 
To  this  change  in  the  ray  b  c,  in  consequence  of  which  it  can 
only  be  reflected  under  certain  conditions,  and  fails  entirely  in 
others,  the  term  polarization  is  applied.  The  first  mirror  is 
called  the  polarizer,  and  the  second,  on  account  of  its  action, 
the  analyzer. 

609.  Angle  of  Polarization  is  that  which  the  incident  ray  most 
make  with  the  normal  or  perpendicular  to  the  polished  surface 
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f  any  given  substance,  to  produce  complete  polarization  in  the 
ray  reflected  from  it.     In  glass,  it  is  54°  35',  or  the  complement 
of  the  angle  given.     If  in  Fig.  277,  any  other  angle  than  this  is 
given  to  the  first  mirror,  the  light  reflected  from  it  is  not  com- 
pletely polarized,  aa  is  proven  by  the  fact  that  a  portion  will 
»     always  undergo  reflection  from  the  second,  in  whatever  position 
it  may  be  placed.     Under  these  conditions  the  reflected  ray  is 
«aid  to  be  partially  polarized. 
Nearly  all  surfaces  possess  the  power  of  partially  polarizing 
light,     i'hat  reflected  from  water,  a  polished  wooden  surface, 
or    a  slate  roof,  is  partially  polarized;  diffuse  daylight  ib  also 
found  to  have  assumed  this  condition,  especially  when  the  sun 
is    near  the  horizon. 

"With  difference  in  the  nature  of  the  substance  there  is  change 
ir»  the  angle  of  polarization.  For  glass,  it  is  54°  35';  water, 
62°  45';  ohsidian,  56°  30';  quartz,  57°  32';  and  for  diamond, 
^►S0.  Different  kinds  of  glass  also  show  variation  in  the  angle 
of  j-polarization;  between  crown  and  flint  glass  it  is  frequently  as 
m  amoh  as  a  degree  and  a  quarter. 

-According  to  Brewster :  "  The  jMjUtriziity  tingle  of  any  substance 
*J*  that  -ingle  of  incidence  at  which  the  reflected  polarized  ray  is  at  right 
<***fflts  to  the  refracted  ray. 

**The  plane  of  polarization  is  the  plane  of  reflection  in  which 
liio  light  becomes  polarized;  it  coincides  with  the  plane  of  inci- 
«i«nce,  and,  therefore,  contains  the  polarizing  angle," 

610.  Polarization  by  Single  Refraction. — If  the  ray  which  passes 
trough  the  glass,  in  the  experiment  (608),  is  submitted  to  ex- 
amination by  a  second  mirror  in  the  same  manner  as  the  ray 
fcc,  it  is  polarized,  though  the  actiou  is  only  partial.  At  the 
same  time  it  lias  undergone  a  certain  amount  of  refraction. 
We,  therefore,  learn  that  in  simple  refraction  polarization  also 
occurs. 

611.  Polarization  by  Double  Refraction. — We  discovered  (603, 
604)  that  when  a  ray  of  light  traverses  a  crystal  of  Iceland  spar 
in  certain  lines,  it  undergoes  double  refraction,  an  ordinary  and 
extraordinary  ray  being  formed.  If  these  are  submitted  to 
examination  by  an  analyzer,  it  is  found  that  they  are  composed 
of  polarized  light.  The  polarization  in  the  two  instances  is, 
however,  different,  in  that  their  planes  are  at  right  angles  to 
each  other.  The  position  in  which  the  analyzer  gives  complete 
passage  to  the  ordinary  ray,  is  the  one  in  which  it  gives  most 
complete  denial  to  the  passage  of  the  extraordinary. 


612.  Polarizing    Instruments, — 1st.    Norremberg'i    apparatus   is 
constructed  upon  the  principle  of  polarization    by  reflection; 
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the  polarizer  and  analyzer  being  single  plates  of  polished  glass. 
It  is  a  most  simple  and  a  very  complete  polarization  apparatus, 
and  can  be  used  for  demonstrating  nearly  all  the  experiments. 

2d.  Apparatus  of  parallel  plates.  Though  the  proportion  of 
polarized  light  in  the  refracted  pencil  (610)  is  small  when  the 
ray  passes  through  a.  single  plate  of  glass,  it  is  increased  by 
using  a  number  of  films  or  plates  arranged  parallel  to  the  first. 
The  surfaces  must  be  as  flat  as  possible,  and  parallel  to  each 
other.  In  this  manner,  good  polarizers  and  analyzers  built  up 
of  fifteen  or  twenty  plates  of  glass  made  I'or  microscope  object- 
covers  can  be  constructed  at  small  expense;  the  plates  being 
fitted  at  the  proper  angle  into  a  metallic  or  wooden  tube.  Either 
the  reflected  or  refracted  ray  from  such  bundles  is  used. 

3d.  Tourmaline.  If  a  plate  be  cut  parallel  to  the  axis  of  this 
negative  uniaxial  crystal,  it  produces  an  ordinary  and  an  extra- 
ordinary ray  polarized  in  planes  at  right  angles  to  each  other. 
The  plate  also  possesses  the  property  of  rapidly  absorbing  the 
ordinary  ray,  if,  therefore,  it  has  sufficient  thickness,  the  extra- 
ordinary alone  will  escape.  A  second  similar  plate  may  be  used 
as  an  analyzer ;  through  such  an  arrangement  the  light  which 
has  been  polarized  by  the  first  plate  passes  with  but  little  loss, 
while  the  second  is  set  parallel  to  the  first;  but  is  completely 
stopped  when  they  are  at  right  angles. 

The  thickness  required  to  cause  complete  absorption  of  the 
ordinary  ray  is  a  serious  objection  to  the  use  of  tourmaline 
plates,  on  account  of  the  great  loss  of  light  it  necessitous. 

4th.  Double  refracting  prisms.  The  ordinary  and  extraordinary 
raya  which  emerge  from  a  natural  rhomb  of  Iceland  spar,  are 
parallel  to  each  other;  the  amount  of  their  separation,  there- 
fore, is  dependent  upon  the  thickness  of  the  prism.  The  extent 
of  this  can  be  increased  bv  cutting  the  crystal  until  ite  faces  are 
inclined.  In  the  prism  thus  formed,  though  the  desired  sepa- 
ration may  he  obtained,  a  new  difficulty  arises,  the  emergent 
light  being  colored  by  decomposition.  To  remedy  this  evil,  it 
is  necessary  to  achromatize  the  prism  by  uniting  it  with  one 
of  glass,  with  its  refracting  angle  in  the  opposite  direction.  To 
obtain  the  greatest  divergence  between  the  rays,  the  refracting 
edges  are  cut  parallel  to  the  optic  axis. 

A  prism  such  as  that  described,  generally  permits  the  emer- 
gence of  an  ordinary  and  extraordinary  ray,  the  relative  inten- 
sities of  which  vary  as  it  is  revolved.  There  are,  however,  two 
positions  in  which  only  the  ordinary  ray  emerges,  and  two  others 
at  right  angles  to  these  in  which  the  extraordinary  alone  escapes. 
The  apparatus,  therefore,  not  only  informs  us  whether  the  light 
is  polarized,  hut  also  the  plane  wherein  the  polarization  has 
taken  place. 
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5th.  NicoVs  prism  is,  for  many  purposes,  the  best  means  of 
polarizing  light,  as  it  is  exceedingly  transparent,  polarizes  com- 
pletely, and  transmits  only  the  extraordinary  ray.  It  is  made 
of  Iceland  spar,  and  is  a  column  the  height  of  which  is  about 
three  times  its  breadth.  The  crystal  is  cut  in  twain  along 
a  plane  connecting  its  obtuse  angles.  The  parts  are  then 
cemented  together  with  Canada  balsam. 

Fig.  278. 


Nlcol's  prism. 

TThe  principle  of  action  of  the  Nicol  is,  that  the  refractive 
ll*«3ex  of  the  balsamic  cement  being  less  than  the  ordinary  index 
^^  the  spat,  and  greater  than  the  extraordinary,  the  ordinary  ray 
J***dergoes  total  reflection  at  the  surface  of  the  balsam,  B  D,  and 
*•  reflected  out  of  the  crystal  at  its  side,  A  B,  while  the  extra- 
ordinary passing  onwards  emerges  at  the  end,  B  C.  The  Nicol 
°^n  be  used  as  polarizer  or  analyzer. 

In  Foucault's  prism  the  Canada  balsam  is  omitted.  While 
^his  is  shorter,  it  nas  the  disadvantage  of  giving  a  smaller  field 
of  view,  and  the  loss  of  light  by  reflection  is  greater. 

613.  Theory  of  Polarized  Light. — It  has  been  stated  in  (441), 
that  luminous  vibrations  are  transverse,  while  those  of  sound 
are  longitudinal.  This  hypothesis  regarding  the  manner  of 
vibration  of  the  ethereal  particles  in  the  production  of  light  is 
supported  by  the  phenomena  of  polarization. 

Considering  the  double  refraction  action  of  Iceland  spar, 
Oanot  savs,  "  Now  it  can  be  shown  to  be  in  strict  accordance 
with  mechanical  principles  that,  if  a  medium  possesses  unequal 
elasticity  in  different  directions,  a  plane  wave  produced  by  trans- 
versal vibrations  entering  that  medium  will  give  rise  to  two 
plane  waves  moving  with  different  velocities  within  the  medium, 
and  the  vibrations  of  the  particles  in  front  of  these  waves  will  be 
in  directions  parallel  respectively  to  two  lines  at  right  angles  to 
each  other.  If,  as  is  assumed  in  the  undulatory  theory  of  light, 
the  ether  exists  in  a  double  refracting  crystal  in  such  a  state  of 
unequal  elasticity,  then  the  two  plane  waves  will  be  formed  as 
described,  and  tnese,  having  different  velocities,  will  give  rise 


to  two  rajs  of  unequal  refraugibility.  This  is  the  physical 
account  of  the  phenomenon  of  double  refraction.  It  will  be 
remarked  that  the  vibrations  corresponding  to  the  two  rays  are 
transversal,  rectilinear,  and  in  directions  perpendicular  to  each 
other  in  the  raya  reapeetively.  Accordingly,  the  same  theory 
accounts  for  the  fact  that  the  two  rays  are  both  polarized,  and 
in  planes  at  right  angles  to  each  other." 

614.  Interference  of  Polarized  Light. — The  laws  which  govern 
the  phenomena  of  interference  of  rays  similarly  and  differently 
polarized,  are  stated  as  follows  by  Gauot : 

"  1.  When  two  rays  polarized  in  the  same  plane  interfere 
with  each  other,  they  produce  by  their  interference  fringes  of 
the  very  same  kind  as  if  they  were  common  light. 

"  2.  When  two  rays  of  light  are  polarized  at  right  angles  to 
each  other,  they  produce  no  colored  fringes  in  the  same  circum- 
stances under  which  two  rays  of  common  light  would  produce 
them.  When  they  are  polarized  in  planes  inclined  to  each 
other  at  any  other  angles,  they  produce  fringes  of  intermediate 
brightness,  and  if  the  angle  is  made  to  change,  these  gradually 
decrease  in  brightness  from  0°  to  90°,  and  are  totally  obliterated 
at  the  latter  angle. 

"3.  Two  rays  originally  polarized  in  planes  at  right  angles 
to  each  other,  may  be  subsequently  brought  into  the  same  plane 
of  polarization  without  acquiring  the  power  of  forming  fringes 
by  their  interference. 

"4.  Two  rayB  polarized  at  right  angles  to  each  other,  and 
afterwards  brought  into  the  same  plane  of  polarization,  produce 
fringes  by  their  interference  like  rays  of  common  light,  provided 
they  originated  in  a  pencil  the  whole  of  which  waa  originally 
polarized  in  any  one  plane. 

"5.  In  the  phenomena  of  interference  produced  by  rayB  that 
have  suffered  double  refraction,  a  difl'erence  of  half  an  undula- 
tion must  be  allowed,  as  one  of  the  pencils  is  retarded  by  that 
quantity  from  some  unknown  cause." 

615.  Depolarization — Suppose  a  polarizing  apparatus,  with  its 
polarizer  and  analyzer  so  adjusted  that  the  passage  of  light 
through  the  latter  is  completely  stopped.  Then  intervene  a 
plate  of  double  refracting  crystal,  cut  parallel  to  its  axis,  and 
of  moderate  thickness,  between  the  polarizer  and  the  analy/.tr. 
The  intensity  of  the  transmitted  light  varies  as  the  plate  is  turned, 
reaching  its  maximum  when  the  principal  plane  of  the  plm.   li 
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at  45°  to  the  plane  of  reflection,  and  disappearing  if  tlwj  <■<■  ju- 
ngles to  each  other.     Frc 
:ght  transmitted  by 
that  described  is  called  a  depolar&wj  plate. 


cide,  or  are  at  right  angles  to  each  other.     From  the  effect  pre 
duced  upon  the  light  transmitted  by  the  polarizer,  a  plate  like 
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616.  Action  of  Thin  Films  is  thus  described  by  Ganot :  "  Take  a 
thin  film  of  seUnite  or  mica  between  tiie  twentieth  and  sixtieth  of 

inch  thick,  and  interpose  it  as  in  the  last  article.     If  the 
lickness  of  the  film  is   uniform,  the   light    now  transmitted 
rough  the  analyzer  will  be  no  longer  white,  but  of  a  uniform 
:nt;  the  eolor  of  the  tint  being  different  for  different  thick- 
i  i.-.-i.'- — for  instance,  red,  or  green, or  hlue,  or  yellow,  according 
to  the  thickness;  the  intensity  of  the  color  depending  on  the 
inclination  of  the  principal  plane  of  the  film  to  the  plane  of 
jr-eflection ,  being  greatest  when  the  angle  of  inclination  is  45°. 
JLet  us  now  suppose  the  crystalline  film  to  be  fixed  in  that  posi- 
tion in  which  the  light  is  brightest,  and  suppose  its  color  to  be 
»-vrf.     Let  the  analyzer  (Hie  Xieol's  prism)  be  turned  round,  the 
<solor  will  grow  fainter,  and  when  it  has  been  turned  round  45°, 
the  color  disappears,  and  no  light  is  transmitted;  on  turning  it 
further,  the  complementary  color,  green,  makes  its  appearance, 
a  nd  increases  in   intensity  until  tiie  analyzer  has  been  turned 
through   90°;   after  which   the   intensity  diminishes   until   an 
angle  of  135°  is  attained,  when  the  light  again  vanishes,  and, 
on  increasing  the  angle,  it  changes  again  into  red.     Whatever 
tbe  color  proper  to  the  plate,  the  same  series  of  phenomena 
■will   be   observed,  the   color   passing  into  its   complementary 
when  the  analyzer  is  turned.     That  the  colors  are  really  com- 
plementary is  proved   by  using  a  double   refracting  prism  as 
analyzer.     In  this  case  two  rays  are  transmitted,  each  of  which 
goes  through  the  same  changes  of  color  and  intensity  as  the 
single   ray  described  above;    but  whatever  the  color   and   in- 
tensity of  the  one  ray  in  a  given  position,  the  other  will  have 
tiie  same  when  the  analyzer  has  been  turned  through  an  anffle 
of  90°.     Consequently,  these  two  rays  give  simultaneously  the 
appearances  which  are  successively  presented  in  the  above  case 
by  the  same  ray  at  an  interval  of  90°.     If  now  the  two  rays  are 
allowed  to  overlap,  they  produce  white  light:  thereby  proving 
tlieir  colors  to  be  complementary." 

617.  Production  of  Colored  Rings  by  Polarized  Light. — In  the 
preceding  experiment,  while  the  rays  traverse  the  film  perpen- 
dicularly to  its  faces,  the  tint  is  uniform:  but  if  at  different 
obliquities,  colored  rings  are  produced.  Regarding  these,  Ganot 
save: 

"The  best  method  of  observing  these  new  phenomena  is  by 
means  of  the  tourmaline  pincette.  This  is  a  small  iustrument  con- 
sisting of  two  tourmalines,  cut  parallel  to  the  axis,  each  of  them 
being  fitted  in  a  copper  disk.  These  two  disks,  which  are  per- 
forated in  the  centre,  and  blackened,  are  mounted  in  two  rings 
of  silvered  copper,  which  is  coiled  to  form  a  spring,  and  press 
~*L~r  the  tourmalines.     The  tourmalines  turn  with  the  disk, 
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and  may  be  arranged  with  their  axes  either  perpendicular « 
parallel." 

"The  crystal  to  be  experimented  upon,  being  fixed  in  the 
centre  of  a  cork  disk,  is  placed  between  the  two  tourmalin*, 
and  the  pincette  held  before  the  eye  to  view  diffused  light. 
The  tourmaline  furthest  from  the  eye  acts  as  polarizer,  and  the 
other  as  analyzer.  If  the  crystal  thus  viewed  is  uniaxial,  and 
cut  perpendicularly  to  the  axis,  and  a  homogeneous  light— red, 
for  instance — is  looked  at,  a  series  of  alternately  dark  and  red 
rings  are  seen.  With  another  simple  color  similar  rings  an 
obtained,  but  their  diameter  decreases  with  the  refrangibilitj 
of  the  color.  On  the  other  hand,  the  diameters  of  the  ring* 
diminish  when  the  thickness  of  the  plates  increases,  and  beyond 
a  certain  thickness  no  more  rings  are  produced.  If,  instead  of 
illuminating  the  rings  by  homogeneous  light,  white  light  is  used, 
as  the  rings  of  the  different  colors  produced  have  not  the  aarae 
diameter,  they  are  partially  superposed,  and  exhibit  very  bril- 
liant variegated  colors." 

Biaxial  crystals  also  give  colored  rings,  but  their  form  is  more 
complicated. 

618.  Detection  of  Molecular  Change  by  Polarized  Light. — Under 

ordinary  circumstances  glass  does  not  possess  the  power  of 

double  refraction.     This  property  may,  how- 

Fiu.  2,9.  ever,  be  imparted  to  it  bv  changing  the  rebv 

etions  of  its  molecules  either  by  compression. 
4      curvature,  or   heat.     If,  under  these  condt- 
,     tions,  a  beam  of  polarized  light  traverses  die 
glass,  the  changed  conditions  of  its  molecular 
structure  are  at  once  made  evident,  by  lb* 
production  of  colored  rings,  or  curved  figure*, 
like  those  described,  the  forme  of  which  are 
according  as  the  piece  of  glass  is  circular,  trian- 
gular, or  rectangular,  and  as  the  compression 
or  other  force  is  altered  in   intensity.    Son" 
idea  mar  be  trained  of  the  changes  in  question 
from  Fig.  ~7\K  which  represents  the  effects  pro* 
^■lW^^         dueed,  as  a  circular  piece  of  compressed  ela* 
.vmi:™..: ;!.»  «::;      js  evolved  in  its  own  plane  between  the  polar- 
izer and  analyzer. 
The  results  we  have  been  discussing  show  the  great  impor- 
tance of  polarized  light  in  investigation  of  questions  having  rela- 
tion to  molecular  structure.     Its  use  in  the  study  of  numerou* 
inorganic  crystalline  forms,  and  also  of  organic   structures  a* 
^ftarcn.,  yields  most  efficient  aid  in  determining  their  character 
a  applied  in  connection  with  the  microscope. 
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619.  Elliptical  and  Circular  Polarization. — "  In  the  cases  hitherto 
considered  the  particles  of  ether  composing  a  polarized  ray 
vibrate  in  parallel  straight  lines;  to  distinguish  this  case  from 
those  we  are  now  to  consider,  such  light  is  frequently  called 
fait  polarized  tight.  It  sometimes  happens  that  the  particles  of 
fiber  describe  ellipses  round  their  position  of  rest,  the  planes  of 
the  ellipses  being  perpendicular  to  the  direction  of  the  ray.  If 
the  axes  of  these  ellipses  are  equal  and  parallel,  the  ray  is  said 
to  he  e/,Hp!i.-a!li/  polarized.  In  this  case  the  particles  which,  when 
«  rest,  occupied  a  straight  line,  are,  when  in  motion,  arranged 
in  a  helix  round  the  line  of  their  original  position  as  an  axis, 
the  helix  exchanging  from  instant  to  instant.  If  the  axes  of  the 
ellipses  are  equal  they  become  circles,  and  the  light  is  said  to 
be  circularly  polarized.  If  the  minor  axes  become  zero,  the 
ellipses  coincide  with  their  major  axes,  and  the  light  becomes 
»4»w  polarized.  Consequently,  pteme  polarized  light  and  circu- 
larly polarized  light  are  particular  eases  of  elliptically  polarized 
light." 

"Circular  or  elliptical  polarization  may  be  either  right-handed 
or  UfUh/rnded,  or  what  is  sometimes  called  dextrogyrate  and  Ueeo- 
yjriitf.  If  the  observer  looks  along  the  ray  in  the  direction  of 
propagation,  from  polarizer  to  analyzer,  then,  if  the  particles 
ruovi-  in  the  same  direction  as  the-  hands  of  a  watch  with  its  face 
to  the  observer,  the  polarization  is  right-handed." 

620.  Theory  of  Elliptical  and  Circular  Polarization. — Regarding 
the  relations  of  elliptical,  circular,  and  plane  polarization  to  each 
Ottor,  < ianot  says :  "  Let  us  in  the  first  place  consider  a  simple 
[lemiulum  vibrating  in  any  plane,  the  arc  of  vibration  being 
small.  Suppose  that,  when  in  its  lowest  position,  it  received  a 
Mow  in  a  direction  at  right  angles  to  the  direction  of  its  motion, 
such  as  would  make  it  vibrate  in  an  arc  at  right  angles  to  its 
arc  of  primitive  vibration,  it  follows  from  the  law  of  the  com- 
pMitfon  of  velocities,  that  the  joint  effect  will  be  to  make  it 
vibrate  in  an  arc  inclined  at  a  certain  angle  to  the  arc  of  primi- 
tive vibration,  the  magnitude  rf  the  angle  depending  on  the 
magnitude  of  the  blow.  If  the  blow  communicated  a  velocity 
equal  to  that  with  which  the  body  is  already  moving,  the  angle 
would  be  45°.  Next  suppose  the  blow  to  communicate  an 
equal  velocity,  but  to  he  struck  when  the  body  is  at  its  highest 
[■•lint,  this  will  cause  the  particle  to  describe  a  circle,  and  to 

-.i*  a  conical  pendulum.  If  the  blow  is  struck  under  any 
other  circumstances,  the  particle  will  describe  an  ellipse.  Now 
•*  the  two  blows  would  produce  separately  two  simple  vibrations 
in  directions  at  right  angles  to  each  other,  we  may  state  the 
result  arrived  at  as  follows :  If  two  rectilinear  vibrations  are 
superinduced  on  the  same  particle  in  directions  at  right  angles 
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to  each  other,  then :  A.  If  they  are  in  the  same  and  opposite 
phases,  the;  make  the  point  describe  a  rectilinear  vibration  in 
a  direction  inclined  at  a  certain  angle  to  either  of  the  original 
vibrations.  B.  But  if  their  phases  differ  by  90°  or  a  quarter 
of  a  vibration,  the  particle  will  describe  a  circle,  provided  the 
vibrations  are  equal.  C.  Under  other  circumstances  the  particle 
will  describe  an  ellipse." 

"To  apply  this  to  the  case  of  polarized  light.  Suppose  two 
rays  of  light  polarized  in  perpendicular  planes  to  coincide,  etch 
would  separately  cause  the  same  particles  to  vibrate  in  perpen- 
dicular directions.  Consequently — A.  If  the  vibrations  are  in 
the  same  or  opposite  phaseB,  the  light  resulting  from  the  two 
rays  iB  plane  polarized.  B.  If  the  rays  are  of  equal  intensitr, 
and  their  phases  differ  by  90°,  the  resulting  light  is  circular!; 
polarized.  C.  Under  other  circumstances  the  light  is  ellipticmllj 
polarized." 

621.  Production  of  Circularly  Polarized  Light  is  accomplished 
by    means   of  Fresnel's   rhomb,  which   decomposes   a  ray  of 
plane  polarized  light  forming  two  equal  nil 
Fio.  280.  polarized  in  planes  at  right  angles  to  etch 

J  other,  but  differing  by  a  quarter  of  an  undu- 

lation. The  instrument  is  made  of  rbw, 
the  acute  angle  being  54°,  and  the  obtort 
126°.  "If  a  ray,  a,  Fig.  280,  of  plane 
polarized  light  falls  perpendicularly  on  the 
face  A  B,  it  will  undergo  two  total  internal 
reflections  at  an  angle  of  about  54°,  one  it 
E,  and  the  other  at  F,  and  will  emerge  per- 
pendicularly to  C. 

"  If  the  plane  A  B  C  D  be  inclined  at  u 
angle  of  45°  to  the  plane  of  polarization, 
the  polarized  ray  will  be  divided  into  two 
coincident  rays,  with  their  planes  of  polarization  at  right  anelei 
to  each  other,  ami  it  appears  that  one  of  them  loses  exactly! 
quarter  of  an  undulation,  so  that  on  emerging  from  the  rhomb 
tne  ray  is  circularly  polarized.  If  the  ray  emerging  as  above 
from  Fresnel's  rhomb  is  examined,  it  will  be  found  to  dinV 
from  plane  polarized  light  in  this,  that,  when  it  passes  through 
a  double  refracting  prism,  the  ordinary  and  extraordinary  ran 
are  of  equal  intensity  in  all  positions  of  the  prism.  Moreover, 
it  differs  from  ordinary  light  in  this,  that  if  it  passed  through  < 
second  rhomb  placed  parallel  to  the  first,  a  second  quarter  of  *» 
undulation  will  be  lost,  so  that  the  parts  of  the  original  plm* 
polarized  ray  will  differ  by  half  an  undulation,  and  the  emerged 
ray  will  he  plane  polarized ;  moreover,  the  plane  of  polarization 
will  be  inclined  at  an  angle  of  45°  to  A  B  C  D,  but  on  the  offer 
side  from  the  plane  of  primitive  polarization." 
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622.  Production  of  EUiptically  Polarized  Light. — "  In  addition 
to  the  method  already  mentioned,  elliptically  polarized  light  is 
generally  obtained  whenever  plane  polarized  light  suffers  reflec- 
tion. Polarized  light  reflected  from  metals  becomes  elliptically 
polarized,  the  degree  of  cllipticity  depending  on  the  direction 
of  the  incident  ray,  and  of  its  plane  of  polarization,  as  well  as 
on  the  nature  of  the  reflecting  substance.  When  reflected  from 
deer  the  polarization  is  almost  circular,  and  from  galena  almost  plane. 
If  elliptically  polarized  light  be  analyzed  by  a  Nicol's  prism,  it  never 
vanishes,  though  at  alternate  positions  it  becomes  fainter ;  it  is  thus 
distwguishedfrom  plane  and  from  circular  polarized  light.  If  analyzed 
h/  Iceland  spar  neither  image  disappears,  but  they  undergo  changes  in 
intensity" 

*  Light  can  also  be  polarized  elliptically  in  FresneFs  rhomb. 
If  the  angle  between  the  planes  of  primitive  polarization  and  of 
incidence  be  any  other  than  45°,  the  emergent  ray  is  elliptically 
polarized." 

623.  Production  and  Theory  of  Rotator/ Polarization. — "Rock- 
crystal  or  quartz  possesses  a  remarkable  property  which  was 
long  regarded  as  peculiar  to  itself  among  all  crystals,  though  it 
his  been  since  found  to  be  shared  by  tartaric  acid  and  its  salts, 

3^ther  with  some  other  crystalline  bodies.     This  property  is 
led  rotatory  polarization,  and  may  be  described  as  follows  : 
Let  a  ray  of  homogeneous  light  be  polarized,  and  let  the  ana- 
lyzer, say  a  Nicol's  prism,  be  turned  till  the  light  does  not  pass 
through  it.     Take  a  thin  section  of  a  quartz  crystal  cut  at  right 
angles  to  its  axis,  and  place  it  between  the  polarizer  and  the 
analyzer,  with  its  plane  at  right  angles  to  the  rays.     The  light 
will  now  pass  through  the  analyzer.     The  phenomenon  is  not 
the  same  as  that  previously  described,  for,  if  the  rock-crystal  is 
turned  round  its  axis,  no  effect  is  produced,  and  if  the  analyzer 
is  turned,  the  ray  is  found  to  be  plane  polarized  in  a  plane  in- 
clined at  a  certain  angle  to  the  plane  of  primitive  polarization. 
If  the  light  is  red,  and  the  plate  one  millimetre  thick,  this  angle 
is  about  17°.     In  some  specimens  of  quartz  the  plane  of  polari- 
zation is  turned  to  the  right  hand,  in  others  to  the  left  hand. 
Specimens  of  the  former  kind  are  said  to  be  right-handed,  those 
oi  the  latter  kind  left-handed.     This  difference  corresponds  to  a 
difference  in  crystal lographic  structure.    The  property  possessed 
by  rock-crystal  of  turning  the  plane  of  polarization  through  a 
certain  angle  was  thoroughly  investigated  by  Biot,  who,  amongst 
other  results,  arrived  at  this :  For  a  given  color  the  an<?le  through 
which  the  plane  of  polarization  is  turned  is  proportional  to  the 
thickness  of  the  quartz.     The  explanation  of  the  phenomenon 
described  is  as  follows:  When  a  ray  of  polarized  light  passes 
•long  the  axis  of  the  quartz  crystal,  it  is  divided  into  two  rays 
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of  circularly  polarized  light  of  equal  intensity,  which  pass  through 
the  crystal  with  different  velocities.  In  one  the  circular  jpoliri- 
zation  is  right-handed,  in  the  other  left-handed,  The  existence 
of  these  rays  was  proved  by  Fresnel,  who  succeeded  in  wpi- 
rating  them.  On  emerging  from  the  crystal,  they  are  com- 
pounded into  a  plane  polarized  ray,  but  since  they  move  with 
unequal  velocities  within  the  crystal,  they  emerge  in  different 
phases,  and  consequently  the  plane  of  polarization  will  not  coin- 
cide with  the  plane  of  primitive  polarization.  The  plane  of 
polarization  will  be  turned  to  the  right  or  left,  according  as  the 
right-handed  or  left-handed  ray  moves  with  the  greater  velocity. 
Moreover,  the  amount  of  rotation  will  depend  on  the  amount  of 
retardation  of  the  ray  whose  velocity  is  least — that  is  to  eay,  it 
will  depend  on  the  thickness  of  the  plate  of  quartz." 

624.  Coloration  by  Botatory  Polarization. — For  different  colors 
the  amount  of  rotation  varies  according  to  the  refrangibility 

of  the  rays,  being  greatest  for  the  violet 
Fiq.  281.  A  quartz  plate  one   millimetre  thick  will 

rotate  the  plane  17°  for  red,  and  44~  for 
violet  light.    If  white  light  is  used,  it  under- 
goes decomposition,  the  colors  appearing  in 
^^^  order  from  the  less  to  the  more  refrangible 

Routory  poUrintion.        ^"ith  a  right-handed  crystal,  as  the  Nicoli* 

turned  to  the  right,  and  with  a  left-handeJ 
crystal  in  the  opposite  order. 

If.  in  place  of  a  Xicol,  a  double  refracting  prism  is  used,  two 
brilliant  colors  are  produced  which  are  complementary  to  each 
other  and  yield  white  light  where  they  overlap.     Fig.  281. 

625.  Botatory  Power  of  Liquids. — Many  liquids  possess  tki* 
power  in  different  degrees,  and  in  several  directions,  «>  that 
variations  in  composition  may  thereby  be  found  when  little  or 
none  is  shown  by  chemical  analysis.  If.  for  example,  cane  sugtr 
is  acted  upon  by  dilute  acids,  we  obtain  two  sugars  of  the  same 
chemical  composition,  but  one  rotates  the  plane  of  polarization 
to  the  right,  while  the  other  turns  it  to  the  left. 

In  fluids  the  power  of  rotation  is  much  less  than  in  quirtx. 
In  concentrated  solution,  cane  sugar,  the  most  powerful  of  *H 
liquids  in  this  respect,  has  only  about  ^th  the  power  of  quirtx: 
iu  order,  therefore,  to  give  it  sufficient  influence  over  the  r»y» 
columns  eight  inches  in  length  are  employed. 

626.  Saccharimeters  are  instruments  depending  upon  polar- 
i.'.ed  light  for  their  action.  That  of  Biot  aetermmes  the  ampli- 
tude of  rotation  produced  by  sugar  or  other  solutions  powewinf 
this  power.     The  polarizer  in  the  original  form  is  a  mirror « 
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ick  glass,  and  the  analyzer  a  double  refracting  achromatic 
iam  mounted  in  the  interior  of  a  graduated  circle,  so  that 
angeB  in  position  of  the  prism  are  read  by  means  of  an  index 
iversing  the  scale  Between  theBe  the  tube  containing  the 
lotion  is  placed,  with  its  axis  coincident  with  the  conjoined 


is  of  the  analyzer  and  polarizer.  The  tube  is  about  20  cehti- 
rtrea  in  length.  The  apparatus  is  adjusted  to  have  the  extra- 
iinarv  ray  disappear  when  the  index  is  at  zero.  The  in- 
duction of  water,  alcohol,  or  ether  causes  no  change  in  the 
enomena  observed. 

[f  it  is  then  filled  with  a  solution  of  cane  sugar  the  extra- 
Unary  ray  reappears,  and  to  cause  it  to  fade  the  analyzer 
ist  be  turned  to  the  right  of  zero  through  a  certain  iium- 
■  of  degrees,  which  measures  the  amount  that  the  sugar  has 
nrd  the  plane  of  polarization  to  the  left.  If  a  longer  tube  be 
id  with  a  solution  of  the  same  strength  the  analyzer  must  lie 
•nod  through  a  greater  number  of  degrees.  According  as  the 
cngth  of  the  solution  differs,  so  docs  the  angle  at  which  the 
ilyzer  must  be  set  vary.  It  is,  therefore,  a  simple  matter  to 
imate  the  amount  of  sugar  in  any  given  solution  by  deter- 
ning  its  power  to  rotate  a  beam  of  polarized  light. 
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Since  white  light  is  decomposed  in  the  preceding  experiment, 
the  extraordinary  image  is  not  entirely  extinguished  in  any  posi- 
tion of  the  analyzer.    This  difficulty  is  met  by  using  colored  glafc, 
or  other  medium  which  shall   make  the  light  monochromatic. 
The  colors  usually  employed  are  either  red  or  yellow ;  the  latter 
is  best  obtained  by  means  of  a  soda  flame  produced  by  immersing 
a  platinum  wire  bearing  a  globule  of  biborate  of  soda  in  a 
Bunsen  flame.     Since  the  angle  differs  for  each  color  used,  it  is 
mentioned  along  with  the  angle  of  deviation  of  the  ray,  and 
the  sign  +,  or  — ,  added  to  show  whether  rotation  is  to  the  right 
or  the  left. 

In  the  manufacture  and  refining  of  sugar,  the  saccharimeter 
is  of  the  utmost  importance,  as  the  sales  of  this  commodity  are 
based  upon  its  indications.  In  the  practice  of  medicine  it  is 
used  for  determining  the  percentage  of  sugar  in  diabetic  urine, 
and  in  other  fluids. 

Soleil's  saccharimeter  differs  from  the  preceding  in  that  it  does 
not  measure  the  angle  of  rotation,  but  the  amount  of  compen- 
sation required  to  overcome  it.  The  medium  employed  is  a 
plate  of  quartz,  the  thickness  of  which  may  be  varied  until  the 
'rotation  is  overcome;  the  amount  necessary  to  produce  this 
result  is  then  measured.  For  a  description  of  the  parts  of  this 
instrument  the  student  is  referred  to  Ganot's  "  Physics." 


CHAPTER    XXVIII. 

SPECTROSCOPE  AND  SPECTRUM  ANALYSIS. 

The  spectroscope — Parts  of  single  pri-in  spectroscope — Slit  and  collimator— Pn*m 
and  telescope — Scale  of  collimator — Sources  of  light — Multiple  prism  *j*ctt*" 
scope — Direct  vision  spectroscope — Grating  spectroscope— Continuous  §p*cU* 
— Rright-lined  spectra — Handed  ppoctra — Nebular  spectra — Gaseous  absorbent 
spectra — Solar  spectrum — Ultra-violet  solar  spectra — Infra-red  solar  »f«<r* 
— Wave-lengths  of  lines*  of  spectra — Use  of  solar  lines  as  a  scale — Atn**" 
pheric  spectrum  lines — Planetary  and  stellar  spectra — Absorbent  spectra  ty" 
colored  liquids  —  Absorbent  spectra  by  colorless  liquids — Blood  spectra 
Spectra  of  bile  and  Pettenkofer's  thiid — Spectra  of  wine  and  ale.  Abn^rtn* 
spectra. 

627.  The  Spectroscope,  as  its  name  indicates,  is  an  instrument 
for  studying  the  composition  of  light  by  the  formation  of  * 
spectrum.     In  (500  to  505)  we  learned  how  light  can  be  de- 
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composed  by  the  action  of  an  optical  prism,  and  ita  character 
determined  through  the  formation  of  a  prismatic  spectrum.  In 
Wt]  the  decomposition  of  light  by  a  ruled  surface  or  grating 
was  explained,  and  also  the  difference  between  the  diffraction 
or  interference  spectrum  thereby  produced  and  the  prismatic 
ipestram.  Either  of  these  methods  can  be  employed  in  the 
construction  of  the  spectroscope,  but  thus  far  the  one  in  general 
tifle  has  been  that  by  the  prism;  we  shall,  therefore,  direct  our 
Ittention  especially  to  this  form. 

The  action  of  the  spectroscope  being  to  separate  or  disperse 
a  mixture  of  colors  into  its  components,  it  follows  that  an  amount 
of  dispersion  which  will  answer  in  one  case  may  be  insufficient 
'  1  another.  We  consequently  find  that,  according  to  the  dis- 
i  required,  the  spectroscope  contains  one  or  more  prisms 
I  as  described  in  the  final  paragraph  of  article  (502). 

628.  Parts  of  Single  Prism  Spectroscope. — This  form  of  instru- 
ment will  generally  answer  for  the  physiologist  and  physician. 

ZIt  consists  of  a  prism  upon  which  the  axes  of  three  telescopes 
aare  directed;  a  narrow  slit,  and  a  scale  for  measurement  of  the 
relative  positions  of  lines  or  colors.  Of  the  telescopes  one  is 
attached  to  the  slit,  its  lens  forms  the  collimator;  another  receives 
end  transmits  the  spectrum  image  formed  by  the  prism,  it  is 
called  the  observing  teUseope;  the  third  forms  an  image  of  the 
tcale.  In  considering  these  parts,  we  shall  take  them  up  in 
he  order  which  the  light  passes  through  them  to  the  eye. 

629,  The  Slit  and  ita  Collimator. — The  bright  and  dark  lines 
"Visible  in  the  spectroscope  are  images  of  the  slit.  This  is  situated 
*tt  1,  Fig.  283.  It  consists  of  two  sharp  metallic  edges  set  at  a 
short  distance  from  each  other,  allowing  a  narrow  beam  of  light 
to  pass  between  them  into  the  tube  to  which  it  is  attached. 
These  must  be  perfectly  true  and  smooth,  like  those  of  a  knife, 
s*nd  set  exactly  parallel  to  each  other.  They  should  be  pro- 
tected from  dust,  and  as  they  are  commonly  made  from  steel, 
*^are  should  be  taken  to  prevent  their  rusting  by  moiBture  or 
fumes.  Dust  or  rust  upon  their  edges  produces  longitudinal 
^trire  in  the  spectrum.  To  avoid  rusting,  they  are  sometimes 
■Tiade  of  obsidian. 

In  its  simplest  form  the  jaws  are  at  a  fixed  distance  from  each 
*  liber,  anil  the  width  of  the  beam  of  light  admitted  to  the  eye  is 
invariable.  In  more  improved  kinds  one  of  the  jaws  is  moved 
V»y  a  screw,  so  that  the  slit  may  be.  entirely  closed  or  opened  to 
any  required  extent.  Sometimes  the  screw  head  carries  a  scale 
and  index,  by  which  the  aperture  can  be  measured,  and  changed 
or  restored  at  will. 

In  ordinary  use  the  slit  is  plaeed  quite  close  to  the  flame  to 
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light  occupy  the  upper  half  of  the  vertical  axial  plane,  those 
from  the  other  occupy  its  lower  half.  Thus  two  spectra  are 
presented  to  the  observer  one  im mediately  above  the  other,  and 
their  minutest  details  may  be  accurately  compared.  The  device 
is  known  ;is  the  roni)»iris<>n  jrrism. 

In  the  spectrum  apparatus  of  Fraunhofer  the  slit  was  placed 
at  a  distance  of  twenty-four  feet  from  the  prism,  presenting 
a  nearly  parallel  beam  of  light  to  its  action.  A  great  improve- 
ment was  made  upon  this  by  Prof.  Swan,  who  achieved  the 
same  result  by  means  of  a  convex  lens  called  the  collimator, 
placed  at  its  principal  focal  distance  from  the  slit,  and  with  its 
exposed  face  close  to  the  prism.  It  is  located  at  '2,  Fig.  £88. 
The  slit  and  collimator  are  mounted  in  a  tube  provided  wi  '" 
second  or  draw  lube,  thus  allowing  any  focal  adjustment. 
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830.  The  Prism  and  Telescope  are  for  the  formation  and 
animation  of  the  spectrum.  The  former  occupies  the  position 
at  3,  Fig.  283.  It  is  usually  equiangular  or  a  prism  of  60°.  It 
is  set  at  its  angle  of  minimum  deviation  (499).     According  as 
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greater  or  less  dispersion  is  desired  it  differs  in  its  character. 
One  of  crown  glass  gives  a  moderate  dispersion  ;  ordinary  flint 
a  greater,  and  heavy  glass  a  still  greater.  Hollow  prisms  rilled 
with  liquid,  as  the  bisulphide  of  carbon,  are  also  employed. 

JTie  observing  telescope  is  represented  at  4.  It  is  supported  on 
a  movable  arm,  in  order  that  any  portion  of  the  spectrum  image 
emerging  from  the  prism  can  be  passed  down  its  axis,  and  sub- 
mitted to  examination  under  the  most  favorable  conditions. 

631.  The  Scale  and  its  Collimator. — These  are  shown  at  5  and 
♦3,  and  form  the  third  telescope  of  the  apparatus.  The  former  is 
*»t  the  outer  end,  and  is  usually  photographed  upon  glass.  It  is 
illuminated  by  a  candle  or  other  flame,  as  at  (5;  at  the  inner  end 
at  5,  there  is  a  convex  lens  or  collimator,  from  this  the  rays  from 
the  illuminated  scale  are  directed  upon  the  face  of  the  prism 
Adjacent  to  the  object-glass  of  the  telescope,  in  such  a  manner, 
that  they  are  reflected  down  its  axis,  and  a  bright  image  of  the 
scale  is  seen  above  or  below  the  spectrum,  according  to  the 
•  lirection  given  to  the  axis  of  the  scale  tube. 

Another  method  consists  in  placing  the  scale  immediately  in 
front  of  the  eye-piece  and  illuminating  from  one  side  by  a  pecu- 
liarly constructed  prism,  which  accomplishes  the  object  by  two 
reflections. 

In  some  instruments  a  micrometer  eye-piece  is  used,  as  in  the 
microscope.  In  others,  the  arm  supporting  the  observing  tele- 
scope traverses  over  a  graduated  arc.  The  positions  of  the  lines 
in  the  spectrum  are  determined  thereon  by  bringing  the  cross- 
wires  of  the  eye-piece  of  the  telescope  to  intersect  them,  and 
reading  the  degree  on  the  arc. 

632.  The  Source  of  Light. — When  sunlight  is  employed,  it  must 
be  directed  by  a  mirror  upon  the  slit  along  the  axis  of  its  eolli- 
roator-tube.     The  beam  should  be  made  steady  by  a  heliostat. 

For  ordinary  chemical  examinations  a  Bunsen  flame  is  used 
in  the  position  indicated  at  7.  Into  this  the  substance  is  intro- 
duced by  means  of  a  platinum  wire,  supported  by  a  stand,  as 
at  8. 

If  a  more  intense  heat  than  that  furnished  by  a  Bunsen 
flame  is  required,  an  oxyhydrogen  jet  may  be  substituted,  and 
iu  the  same  position.  For  still  greater  intensity  the  electric 
spark,  either  derived  directly  from  an  induction  apparatus,  or 
joneentrated  by  a  condenser,  is  employed. 

633.  Multiple  Prism  Spectroscope  is  composed  of  a  number  of 
prisms  acting  in  the  same  direction,  and  so  arranged  that  they 
can  all  be  adjusted  for  their  angle  of  minimum  deviation  for 
any  ray.     In  some  forms  light  passes  in  one  direction  through 
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the  battery  of  prisms,  ami  in  the  last  of  (he  series  is  made  to 
undergo  reflection,  by  which  it  is  returned  through  the  same 
system.  Thus  an  amount  of  dispersion  is  attained  equal  to  that 
produced  by  double  the  number  of  the  effective  prisms.  Spec- 
troscopes of  this  nature  are  only  used  for  special  astronomical 
investigations.  Sometimes  a  double  prism  instrument  is  de- 
sirable in  certain  chemical  examinations. 

634.  Direct  Vision  Spectroscope. — It  has  been  stated  in  (502) 
that  the  dispersion  power  of  flint  glass  is  nearly  double  that  of 
crown.  The  difference  in  their  deviation  power  is  at  the  same 
time  not  so  great.  It  is,  therefore,  possible  to  combine  a  number 
of  these  prisms  in  such  a  manner,  that  while  the  ray  of  light 
undergoes  little  or  no  deviation  from  its  original  course,  there 
is  sufficient  dispersion  between  its  colors  to  produce  a  spectrum 
available  for  spectroscopic  uses. 

In  Fig.  284,  such  an  arrangement  is  represented.  It  consists 
of  three  crown  prisms  marked  C  C  0,  and  two  flint  marked 
F  y.  The  two  kinds  are  so  adapted  to  each  other,  that  their 
bases  being  in  opposite  directions,  they  neutralize  each  otb* 
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action.     In  respect  to  deviation,  this  neutralization  is  perfci 
As  regards  dispersion,  it  is  not,  consequently  the  component 
colors  of  white  light  are  separated  in  its  passage  through  the 
system,  as  at  r  v  :  and  a  spectrum  is  formed. 

635.  Orating  Spectroscope. — In  (607)  the  production  of  diffrac- 
tiou  or  interference  spectra  by  means  of  gratings  was  described. 
Though  in  this  method  of  formation  there  is  a  decided  loss  of 
light,  the  original  beam  being  divided  into  a  great  number  of 
spectra,  there  is  a  gain  in  the  greater  dispersion  obtained  in  the 
red  region. 

For  physiological  purposes  a  grating  of  about  5000  lines  to 
the  inch,  ruled  on  glass,  the  surfaces  flat  and  parallel,  is  sub- 
stituted for  the  prism,  and  mounted  in  its  place. 

The  best  form  of  spectroscope  to  accomplish  this  is  thai  in 
which  measurements  are  made  by  traversing  the  telescope  upon 
a  graduated  circle.  The  grating  may  be  mounted  either  lor 
transmitted  or  reflected  light.  In  the  former  the  adjustments 
are  as  follows: 

1st,  The  graduated  circle  being  placed  in  the  horizontal  plai 
the  narrow  opening  of  the  slit  should  be  set  vertically. 
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2d.  The  centre  of  the  slit,  the  axis  of  its  collimator-tube,  the 
axis  of  the  telescope,  and  the  intersection  of  its  cross-lines  being 
in  the  same  straight  line,  the  index  of  the  telescope  should 
point  to  the  zero  of  the  graduated  circle. 

3d.  The  unruled  surface  of  the  grating  should  be  turned  to- 
wards the  collimator,  and  set  so  that  the  axis  of  the  latter  shall 
"be  perpendicular  to  the  ruled  surface  and  pierce  its  centre. 

4th.  The  position  of  the  grating  face  should  be  so  adjusted, 
that  if  its  central  line  was  prolonged  vertically  downwards,  it 
would  coincide  with  the  centre  of  the  axis  upon  which  the  ob- 
serving telescope  moves. 

The  above  adjustments  having  been  carefully  attended  to,  if 
the  telescope  is  moved  to  the  right  a  spectrum  will  appear,  the 
violet  being  the  first  to  enter  the  field,  color  after  color  passes 
in  review,  then  a  blank  space;  then  a  second  spectrum  enters, 
the  violet  in  the  van.  This  is  more  dispersed  than  the  first,  so 
a  third,  fourth,  and#higher  orders  of  spectra  display  themselves 
as  the  telescope  is  moved  onwards.  In  these,  owing  to  greater 
dispersion,  they  overlap  each  other,  and  the  colors  are  very  much 
confused ;  they  are  also  very  faint.  For  most  purposes  the  first 
and  second  orders  will  be  found  the  most  useful.  If  required 
to  separate  the  colors  in  the  higher  orders,  it  can  be  done  by 
a  prism. 

If  the  telescope  is  returned  to  the  zero  of  the  scale,  and 
traversed  to  the  left  the  same  phenomena  occur,  and  a  similar 
series  of  spectra  appear.  Taking  a  given  line  in  that  produced 
by  sunlight,  or  the  sodium  line  in  that  from  a  flame;  if  the 
apparatus  is  sufficiently  perfect  in  the  construction  of  all  its  parts, 
it  will  be  found  that  the  telescope  must  be  moved  througli  the 
same  angle  on  each  side  of  the  zero,  to  bring  the  selected  line 
of  a  spectrum  of  an  order  of  the  same  number  upon  its  cross- 
lines. 

Where  it  is  desired  to  use  the  grating  for  reflected  light,  its 
ruled  surface  must  be  silvered,  opectra  of  greater  brilliancy 
are  thus  produced.  It  is,  however,  necessary  to  set  the  grating 
at  an  angle  to  the  axis  of  the  slit  collimator,  and  swing  the 
telescope  to  the  collimator  side  of  the  circle. 

In  making  photographs  of  the  solar  spectrum  by  a  silvered 
grating  I  resorted  to  the  device  of  passing  the  beam  of  light 
from  the  slit  beneath  the  grating,  and  then  reflecting  it  from  a 
plane  silvered  mirror  upon  the  grating.  For  a  description  of 
the  method  and  results,  the  student  is  referred  to  the  "  American 
Journal  of  Sciences  and  Arts,"  vol.  xvi.  page  256. 


Spectrum  Asalysis. 

Four  kiuds  of  spectra  present  themselves  for  investigation  : 
1st,  continuous  or  unbroken;  2d,  bright-lined  and  banded;  3d, 

absorbent;  4th,  abnormal. 

636.  Continuous  Spectra  are  produced  by  light  emitted  from 
ignited  or  incandescent  solids  and  liquids.  If  a  body  is  at  low- 
red  heat  the  spectrum  consists  of  red  only,  or  at  the  beat  of 
red  and  orange ;  as  the  temperature  rises  colors  of  greater 
and  greater  refrangibility  appear  in  their  proper  order,  until 
finally  the  seven  colors  of  Newton  are  present  (501).  Ordinary 
illuminating  flames,  in  which  carbon  at  a  high  temperature  is 
the  source  of  light,  furnish  excellent  examples  of  this  class. 
Where  greater  orilliancy  is  reepjired,  the  light  produced  by 
causing  the  oxyhydrogen  flame  to  impinge  upon  a  cylinder  of 
lime,  magnesia,  or  zirconia  may  be  used.  That  from  a  strip  of 
platinum  or  carbon  rendered  incandescent  by  an  electric  current 
is  also  employed.  Continuous  spectra  are  chiefly  of  interest  to 
the  physician,  because  they  furnish  a  basis  for  the  production  of 
absorbent  spectra  of  various  animal  fluids.  For  this  purpose 
any  oil  or  illuminating  gas  flame  answers. 

637.  Bright-lined  Spectra. — If  a  Bunsen  burner  be  placed  in 
front  of  the  slit  of  a  spectroscope,  and  access  of  air  be  cut  off 
by  the  valve,  an  illuminating  flame  will  be  produced  which  on 
being  viewed  through  the  instrument  will  give  a  continuous 
spectrum  of  incandescence.  Admitting  air  to  it,  its  luminosity 
will  at  once  disappear,  on  account  of  the  complete  combustion 
of  carbon;  it  becomes  a  pale  blue  and  violet  and  is  known  as 
the  Bunsen  flame.  Looking  through  the  spectroscope  a  spec- 
trum will  no  longer  be  visible,  or  at  best  only  a  very  taint  light 
in  the  more  refrangible  region. 

If  a  platinum  wire  dipped  in  a  solution  of  chloride  of  sodium 
or  common  salt,  be  immersed  in  the  Bunsen  flame,  the  latter  be- 
comes yellow,  and  on  looking  through  the  spectroscope  »  bright 
yellow  line  appears  in  the  space  formerly  occupied  by  the  yellow 
of  the  incandescent  spectrum.  This  is  known  as  the  sodium 
line.  With  a  spectroscope  of  feeble  dispersion  it  is  single;  but 
when  two  or  more  prisms  are  used,  with  a  slit  suthViuinly 
uarrow,  it  appears  as  a  double  line.  When  a  heat  more  intense 
than  from  an  ordinary  Bunsen  burner  is  employed  other  lines 
appear  in  the  sodium  spectrum  and  it  finally  becomes  con- 
tinuous. So  delicate  is  this  test  for  sodium,  that  it  has  been 
estimated  that  the  two  hundredth-millionth  of  a  grain  of  that 
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element  can  tnuB  be  detected.     Indeed  in  this  respect  it  stands 
first  among  all  metals. 

In  their  turn  many  other  substances  give  special  colors  to  the 
Bunaen  flame,  and  these  when  viewed  through  the  spectroscope 
present  characteristic  spectra  composed  of  bright  lines.  So  that 
of  ptJassinm  produced  in  the  same  manner  aa  that  of  sodium, 
consists  of  a  red  and  a  violet  line.  Calcium,  lithium,  strontium, 
mid  rvMAcm,  all  present  strongly  marked  HneB  in  certain  posi- 
tions in  the  red  together  with  other  lines.  Ccesium  gives  a 
characteristic  blue  line;  thallium  agreen;  indium  an  indigo.  The 
great  value  of  the  spectroscope  in  chemical  research  is  empha- 
sized by  the  fact,  that  within  a  few  years  a  number  of  new 
elements  have  been  discovered  by  its  aid;  among  these,  the 
first  were  ctesiuru  and  rubidium,  and  later  thallium,  indium, 
and  gallium. 

Since  chlorides  of  metals  are  as  a  rule  more  volatile  than  other 
compounds,  these  salts  should  be  employed  to  show  their  spectra. 
It  is  also  well  to  moisteu  the  platinum  wire  with  a  drop  of  hydro- 
chloric acid  before  dipping  it  into  the  pulverized  salt.  In  the 
form  of  chloride,  copper  gives  a  superb  spectrum  when  immersed 
in  Bunscn  flame,  and  so  do  certain  other  ordinary  metals. 

An  immense  advantage  posseted  by  spectrum  analysis  over 
all  other  methods  of  investigation  into  the  composition  of  a  body 
is  the  fact,  that  it  yields  almost  at  a  glance  all  the  information 
■t  is  capable  of  affording.  Suppose,  for  example,  in  place  of  a 
single  element  we  have  a  mixture,  as  sodium,  potassium,  lithium, 
calcium.  Since  each  of  these  presents  its  own  characteristic 
tines,  none  of  which  are  coincident  with  those  of  the  others,  we 
rletect  the  presence  of  each  and  all  at  once,  exactly  as  we  reeog- 
mize  the  faces  of  different  persons  with  whom  we  are  acquainted, 
though  mingled  with  a  crowd  of  others. 

For   accurate  placement  of  the  lines  of  any  element   by   a 
s*iven   spectroscope,  they  must   be  studied  in  connection  with 
he  scale,  and  a  record  kept,  to  which  reference  can  be  made. 
Hie  instrument  being  then  adjusted  witli  the  sodium  line  always 
»u  a  given  line  of  the  scale,  the  position  of  the  lines  found  is 
id  off,  and  their  nature  determined  by  reference  to  the  record. 
While  many  metals  give  strong  spectra  at  the   temperatures 
«ached  by  the  Bunscn  flame,  there  are  others,  like  iron,  which 
■re  not  sufficiently  volatilized  at  that  heat    to   give   a   result. 
can  all  be  made  to  assume  the  vaporous  state  by  aid  of 
W  electric  arc,  or  by  the  simple  or  condensed  spark  of  an  in- 
uction  coil.     By  one  or  another  of  these  agents,  spectra  of  all 
the  elements  have  been  obtained,  that  of  eacli  being  often  dif- 
ferent according  to  the  temperature  at  which  it  is  volatilized. 
For  the  physician,  however,  who  desires  to  examine  the  ash  of 
tissue  or  excretions  for  certain  elements,  the  use  of  lined  spectra 
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is  confined  to  the  detection  of  calcium,  sodium,  lithium,  and 
other  substances  volatile  in  the  Bunsen  flame.  The  more  potent 
appliances  are,  therefore,  left  almost  entirely  in  the  hands  of  the 
chemist  and  physicist. 

638.  Banded  Spectra. — In  place  of  lines,  the  spectra  of  some 
gases  and  vapors  are  composed  of  bright  bands.  This  is  the 
case  with  the  spectrum  of  cyanogen.  Ignited  nitrogen  affords 
another  example  of  the  same  result.  Under  an  increase  of  tem- 
perature bands  are  broken  up  into  fine  lines,  sometimes  of 
greater  and  sometimes  less  refrangibility  than  those  from  which 
they  were  formed.  It  is  thought  that  at  lower  temperature 
bands  may  arise  from  some  compound  of  a  substance,  while  it 
higher  these  may  be  dissociated,  and  the  true  bright  lines  of  the 
element  appear. 

The  spectra  of  gases  are  best  obtained  by  the  aid  of  Geisdtr's 
and  Plucker's  tubes,  which  contain  the  gas  or  vapor  in  a  state  of 
extreme  exhaustion.  Those  generally  employee!  consist  of  two 
elongated  bulbs  connected  by  a  capillary  tube.  A  platinum 
electrode  passes  through  the  distal  end  of  each,  and  affords  con- 
nection with  the  poles  of  an  induction  coil,  or  a  Holtz  appa- 
ratus. On  passing  the  sparks  the  slender  column  of  attenuated 
gas  in  the  capillary  tube  becomes  brilliantly  illuminated,  and 
placed  in  front  of  the  slit,  the  spectrum  under  the  prevailing 
conditions  is  seen. 

639.  Nebular  Spectra. — The  importance  of  the  application  of 
spectrum  analysis  to  investigating  the  chemical  constitution  of 
the  heavenly  bodies  was  quickly  recognized  by  a  number  of 
astronomers.  It  was  observed  that  there  was  a  marked  dif- 
ference between  the  spectra  of  the  various  nebulae,  and  those  of 
the  fixed  stars  and  planets ;  in  that  the  former  generally  gave 
bright-lined  spectra  like  those  of  ignited  gases,  while  the  latter 
gave  continuous  spectra  crossed  by  dark  lines. 

640.  Gaseous  Absorbent  Spectra. — A  sodium  flame  produces  a 
spectrum  consisting  of  a  bright  yellow  line.     It  might  be  e* 

f>ected,  that  if  this  was  interposed  between  an  oxyhydrog*n 
ime-light  and  the  spectroscope  through  which  it  is  viewed,  the 
yellow  of  the  former  woulu  intensity  that  of  the  continuous 
spectrum  of  the  latter.  Such,  however,  is  not  the  case;  on  tb* 
contrary,  the  sodium  flame  absorbs  the  yellow  of  the  calcium 
light,  and  a  dark  or  black  line  appears*  in  its  place.  In  the 
same  manner  potassium,  strontium,  and  other  vapors  were  found 
to  produce  dark  lines  in  a  continuous  spectrum,  when  intervened 
between  the  spectroscope  and  an  oxycalcium  light.  To  this 
class  of  phenomena  the  term  absorbent  spectra  is  applied,  and 
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it  was  sooa  proven,  that  whenever  an  incandescent  vapor  forms 
.■  spectrum  of  bright  lines,  it  will  produce  a  reverse  spectrum  of 
dark  lines  when  intervened  between  the  spectroscope  and  an 
incandescent  solid  or  liquid. 

641.  Solar  Spectrum. — If  a  BpeetrMeojpe  be  directed  towards 
the  sun,  or  if  sunlight  be  reflected  down  the  tube,  while  the 
slit  is  wide  open  a  very  brilliant  continuous  spectrum  is  seen. 
On  reducing  the  aperture  the  intensity  of  color  diminishes,  and 
■when  sufficiently  narrow  well-marked  dark  lines  appear  as 
shown.  Fig.  285.     These  are  known  as  the  Fraunhofer  lines,  and 
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■■Uo  named  by  their  discoverer  A  B  C  D,  etc.  Continuing  the 
reduction  in  aperture  and  increasing  the  dispersive  power,  these 
!  i  ri(--  appear  by  thousands. 

For  long,  the  origin  of  the  dark  lines  of  the  solar  spectrum 
'•v;i*  an  inexplicable  riddle;  but  at  last  the  enigma  was  solved 
Tfir-ni^li  i'iireticy  of  the  facts  with  which  we  have  been  dealing. 
''  m  the  fortune  of  Kirehotf  to  discover  that  the  strong  dark 
"ne  in  the  yellow  of  the  solar  spectrum,  which  Fraunbofer  called 
*_■*•  was  coincident  with  the  yellow  line  of  sodium,  lie,  there- 
fore, argued  that  since  incandescent  sodium  vapor  produced  a 
|Wk  line  in  the  Bpectrum  of  incandescence  from  a  lime-light, 
-  evident  that  in  the  sun  the  light  emitted  from  the  interior 
photosphere  must  meet  with  sodium  vapor  in  the  exterior 
tttelopefl,  and  so  by  absorption  produce  the  dark  line  in  ques- 
»»,  In  like  manner,  the  lines  ('  and  F  were  found  to  be  coin- 
i'l'-nt  with  and  a  reversion  of  two  hydrogen  lines,  and  over 
mii;  hundred  bright  lines  of  the  spectrum  of  iron  were  found  to 
lime  their  counterparts  in  dark  lines  of  the  Bolar  spectrum. 
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Little  bv  little  observations  were  extended  until  the  convic- 
tion forced  itself  upon  all  scientific  minds,  that  by  aid  of  spec- 
troscopic examination  of  their  light,  information  could  be  ob- 
tained regarding  the  chemical  constitution  of  the  heavenly 
bodies,  and  as  the  new  science  underwent  extension,  it  was 
proved  that  nearly  all  substances  existing  on  our  earth  are 
discoverable  in  the  exterior  envelopes  of  the  sun. 

642.  Ultra-violet  Solar  Spectrum. — The  original  Fraunhofer 
lines  are  confined  to  the  visible  spectrum,  ana  terminate  in  the 
violet  at  H.  By  application  of  photography  to  the  study  of 
the  spectrum,  it  was  found  that  there  existed  beyond  the  violet 
an  ultra-violet  region,  as  rich  in  absorption  lines  as  the  visible 
spectrum  itself.  To  certain  great  groups  in  this  region  the  letters 
L,  M,  N,  O,  P,  Q,  were  attached.  By  use  of  screens  of  various 
phosphorescent  or  fluorescent  substances,  the  spectrum  was  still 
further  extended  until  the  enumeration  of  these  great  groups 
reached  the  letters  V  and  W.  Besides  these  the  lesser  lines 
were  numbered  by  thousands. 

643.  Infra-red  Solar  Spectrum. — As  there  is  an  invisible  spec- 
trum in  the  more  refrangible  region  beyond  the  violet,  crowded 
with  absorption  solar  lines,  so  in  the  less  refrangible  below  the 
red  there  is  an  infra-red  space  presenting  well-marked  lines. 
In  this,  also,  photography  has  been  the  agent  by  which  the  spec- 
trum has  been  extended.  To  give  some  idea  of  the  extent  of 
this,  we  may  say  that  between  A  and  H  lies  the  visible  spec- 
trum, about  4000  of  Augstrom's  units  in  length.  If  we  take 
this  as  representing  the  visible  spectrum,  that  below  extends 
six  times  as  far,  or  through  *M,000  units,  most  of  which  has  been 
mapped. 

644.  Wave-lengths  of  the  Lines  of  the  Spectrum. — To  avoid  €*>*' 
fusion  arising  from  use  of  prisms  and  scales  of  varying  vali***' 
attached  to  different  instruments,  a  scale  based  upon  the  w**v^" 
lengths  of  the  solar  lines  has  been  introduced.     The  unit  is  *% 
tenth  metre.    According  to  this  the  wave-lengths  of  the  princi  f^ 
Fraunhofer  lines  are: 

A  =  "('.04.00  b   =.">172.00 

H   =  718.VOO  F  =  48H0.72 

B  =  i>8«7.00  G  =  4307.25 

C  =  GSfi-J.Ol  H,=  3W8.00 

I)  r=  f>8«.)2. 1 2  Hs=  3933.00 
E  =«VJ«i0.13 

645.  Use  of  the  Solar  Lines  as  a  Scale. — In  (631)  mention  h 
been  made  of  the  ordinary  methods  of  measuring  the  politic*11 
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of  lines  in  a  spectrum.  In  the  ultra-violet  and  infra-red  these 
are  sometimes  difficult  of  application  or  tail  us  altogether.  In 
this*,  and,  indeed,  in  nearly  all  cases,  the  dark  lines  of  the  solar 
apectrurn  provide  the  most  reliable  method  by  which  the  posi- 
tion of  a  given  band  or  line  can  be  satisfactorily  determined. 
One  way  of  applying  it  is  to  pass  into  the  observing  telescope 
two  spectra,  one  above  and  coincident  with  the  other.  The  first 
derived  from  the  sun  by  turning  its  rays  into  the  collimator  by 
>t  comparison  prism  The  second  from  the  light  to  be  compared 
therewith.  When  the  lines  of  the  visible  spectrum  are  to  be 
examined,  the  eye  serves  as  the  means  of  investigation;  but 
when  the  ultra-  or  infra-spectral  regions  are  under  considera- 
tion, suitable  methods  of  photography  must  be  employed. 

When  the  position  of  the  bands  in  the  absorbent  spectra  of 
Jiquids  is  to  be  determined,  the  light  of  the  sun  being  taken  aB 
the  basis  for  the  formation  of  the  absorbent  spectrum,  it  only 
remains  to  use  a  slit  of  sufficient  fineness  to  produce  the  solar 
lines,  aud  thereby  obtain  the  means  of  measurement.     Accord- 
ing aa  they  are  investigated  in  different  spectra,  observations 
should  be  taken  directly  by  tho  eye,  or  through  the  agency  of 
j_>h  otog  raphy . 

646.  Atmospheric  Spectrum  Lines. — In  addition  to  the  tine  liues 
of  the  solar  spectrum  to  which  attention  has  been  directed,  there 
sare  certain  bands  and  regions  of  absorption  especially  evident  in 
t  be  earlier  and  later  portions  of  the  day,  when  the  sun  is  near 
«i  lie  horizon,  and  when  his  rays  come  to  us  through  a  greater 
tJiickness  of  the  atmosphere.  These  have  been  called  atmos- 
^»heric  and  telluric  bands  or  lines.  They  originate  in  the  ab- 
»*3rptive  action  of  the  vapor  of  water  in  the  earth's  atmosphere; 
t»  m  the  field  has  not  yet  received  the  cultivation  it  deserves, 
sax'iJ  it  is  probable  that,  in  the  future,  research  will  discover  other 
».nil  important  explanations  of  value  to  the  science  of  meteor- 
ology, and,  consequently,  to  medicine. 

647.  Planetary  and  Stellar  Spectra. — in  moons  and  planets, 
except  Uranus,  the  spectra  are  the  same  as  that  of  the  sun,  as 
their  light  is  derived  therefrom.  In  the  fixed  stars  it  is  not  bo, 
their  dark  lines  differing  from  those  of  the  sun,  and  from  each 
°ther.  Secchi  makes  out  no  less  than  four  types  of  stellar 
■poetry  "The  first  embraces  the  white  stars  and  includes  the 
"■ell-known  Sirius  and  a  Lyra?-  Their  spectra  usually  contain 
X;  number  of  very  fine  lines,  and  always  include  four  broad  dark 
SMi  which  coincide  with  the  bright  lines  of  hydrogen.  Out  of 
348  stars,  l(i4  were  found  to  belong  to  this  type.  Tin-  second 
group  embraces  those  having  spectra  intersected  by  numerous 
tine  fines  like  those  of  our  sun.     About  140  stars,  among  them 
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Pollux,  Capella,  <p  Aquilee,  belong  to  this  collection.  The  third 
embraces  the  red  and  orange  stars,  such  as  a  Ononis,  p  Pegasi; 
the  spectra  of  these  are  divided  into  eight  or  ten  parallel 
columnar  clusters  of  dark  and  bright  bands,  increasing  in  in- 
tensity to  the  red.  Group  four  is  made  up  of  small  red  stare 
with  spectra,  and  is  constructed  of  three  bright  zones,  increasing 
in  intensity  towards  the  violet.  It  would  thus  appear  that  fixed 
stars,  while  differing  from  one  another  in  the  matter  of  which 
they  are  composed,  are  constructed  on  the  same  general  plan  as 
our  sun,  and  have  a  photosphere  surrounded  by  a  gaseous 
atmosphere." 

648.  Absorbent  Spectra  by  Colored  Liquids. — It  has  been  shown 
that  colored  flames  possess  the  property  of  absorbing  their  own 
tint  of  light  from  the  spectrum  of  an  incandescent  solid,  pro- 
ducing dark  lines  therein.  As  might  be  expected,  colored 
liquids  have  a  similar  power,  and  those  which  appear  colorless 
also  exert  a  certain  absorbent  action. 

If  a  solution  of  permanganate  of  potash  in  a  cell  with  flat 
parallel  walls  is  placed  immediately  in  front  of  the  slit  of  a 
spectroscope,  at  the  same  time  that  rays  from  the  sun  or  some 
incandescent  solid  are  passing  into  the  instrument,  the  spectrum 
seen  through  the  telescope  presents  great  bands  or  gaps,  and 
its  length  is  reduced  both  in  the  more  and  less  refrangible 
regions. 

rassing  from  an  inorganic  to  an  organic  body,  if  a  solution  of 
chlorophyll  the  green  coloring  matter  of  leaves,  be  put  in  the 
same  position,  aark  bands  appear  in  the  red,  the  yellow,  and  the 
violet  In  both  of  these  instances  the  gaps  or  dark  bands  a** 
produced  by  the  absorbent  action  of  the  fluid,  and  the  fact  of 
their  being  in  a  spectrum  becomes  the  evidence  of  the  preset 
of  these  fluids  in  the  cell,  and  an  analytical  test  for  the  same- 

649.  Absorbent  Spectra  by  Colorless  Liquids. — Russell  and  I-^5f, 
raik  have  made  an  extensive  examination  of  these  spectra.  *^\ 
spectroscope  had  a  single  prism  of  heavy  glass.  Before  * 
light  reached  the  slit  it  traversed  a  column  of  the  liquid  ft 
2  to  8  feet  in  length.  Water  gave  a  band  at  600  to  610  of 
scale,  with  a  second  at  705  to  723.  Alcohol  one  at  630.  Met! 
propyl,  and  amyl  alcohols  give  them  nearer  to  the  red  as  alco 
is  higher  in  the  series.  Ethyl  iodide  a  second  from  716  to  7 
Amyl  nitrate,  acetate,  and  iodide  give  bauds  like  that  of  uu 
alcohol,  hut  a  little  nearer  the  blue.  Chloroform  a  faint  c: 
from  607  to  616,  and  a  strong  one  from  711  to  717.  Aldehv 
and  acetic  acid,  large  absorption  at  the  red  and  a  faint  bai 
Hcnzinc  two,  one  at  606  to  616,  the  other  from  703  to  7 
Phenol  two,  one  near  the  water  hand,  the  other  from  67i»      fi 
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10.  Ammonia  five,  the  darkest  from  649  to  654,  one  coin- 
iding  with  the  water,  the  other  with  the  alcohol  band,  a  narrow 
harp  one  from  566  to  670,  and  a  fifth  from  698  to  708.  The  only 
quids  which  did  not  give  bands  were  carbon  disulphide  and 
etrachloride.     See  "Journal  of  Chem.  Soc,"  168,  April,  1881. 

600.  Blood  Spectra. — The  red  coloring  substance  of  the  blood 
ism,  called  haemoglobin,  presents  an  absorbent  spectrum  which 
aries  according  as  an  additional  portion  of  oxygen  is  associated 
herewith  or  not  In  the  venous  blood  the  discs  are  of  a  darker 
ed,  and  contain  haemoglobin.  In  their  passage  through  the 
iings,  an  additional  portion  of  oxygen  ib  taken  up  by  their 
oloring  matter;  they  become  a  brighter  red,  the  haemoglobin 
ossing  into  oxyhemoglobin.  Again,  coursing  through  the  sys- 
emic  circulation  the  Tatter  is  deoxidized,  and  the  former  pro 
lueed.  After  undergoing  these  alternating  changes  a  number 
f  times,  the  haemoglobin  is  at  last  decomposed,  and  passes  into 
lematin,  which  is  also  a  red  colored  substance. 

All  three  of  these  states  of  the  red  coloring  matter  of  blood 
re  represented  by  changes  in  the  absorption  spectrum  of  that 
nbatance.  The  spectrum  in  each  case  is  given  in  the  following 
iagrams : 


The  letters  indicate  the  Fraunhofer  lines.  The  first  Bpectrum 
^presents  that  obtained  from  arterial  blood,  or  oxyhemoglobin, 
l  the  second  the  oxyhemoglobin  ib  reduced  by  ammonium 
ilphide  to  htemoglobin.  The  third  shows  that  given  by  heema- 
n  when  the  solution  is  acid.  The  fourth  is  that  of  hfetiiatiti 
toxidized.  It  is  very  nearly  the  same  as  that  produced  by  the 
:tion  of  carbon  monoxide  upon  blood.     This  gas  also  imparts 

bright  red  tint,  which  cannot  be  removed  by  the  same  agen- 
ea  as  those  which  remove  the  red  tint  from  blood  reddened 
y  oxygen. 

661.  Spectra  of  Bile  and  Fettenkoffer's  Test. — Certain  coloring 
letters  are  obtained  from  bile  by  the  action  of  strong  reagents 
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which  give  characteristic  spectra.  By  passing  nitrous  vapor* 
into  bilirubin  a  body  called  choletelin  is  formed,  which  in  acid 
solution  gives  a  broad  band  extending  from  b  to  beyond  F. 
Another  product  formed  in  Gmelin's  reaction  fives  in  strong 
solution  one  from  D  to  b.  The  appearance  ot  this  indicates 
grave  disturbance  of  the  system. 

The  spectrum  of  Pettenkoffer's  test  gives  a  band  outside  of  D, 
and  a  broad  one  at  E.  Campbell  gives  the  spectrum  of  sodium 
taurocholate  as  three,  one  between  C  and  D,  one  between  D  and 
E,  and  a  third  near  F. 

652.  Other  Spectra.  Abnormal  Spectra. — Certain  coloring  mat- 
ters in  wine,  beer,  and  ale  also  give  characteristic  absorbent 
spectra. 

When  a  hollow  glass  prism  is  filled  with  indigo  solution, 
potassium  permanganate,  or  alcoholic  solution  of  fuchsine,  the 
distribution  of  colors  is  changed.  In  fuchsine  the  violet  is  the 
least  refracted,  then  the  red,  and  then  the  yellow,  which  ie  re- 
fracted the  most.  Kundt  says  that  all  substances  with  surface 
color  give  abnormal  spectra. 


Xife  is  possible  between  the  temperatures  which  determine 

*fae  fluid  state  of  water.     No  Hviug  creature  can  survive  a  heat 

*t>ove  212°  F.,  for  the  liquid  constituents  of  the  body  would  be 

*^Joaipeted.     Certain  low  germs,  however,  retain  their  vitality. 

*S  <=>ne  but  germs  can  bear  a  temperature  below  32°  F.     It  is 

*rUe  that  a  creature  may  in  itself  possess  the  power  of  geuer- 

??*-*  ug  heat  and  thus  resist  low  temperatures,  but  remove  this 

■*^-<iiiTty,  let  the  circulating  juices  of  its  body  fall  below  32°  F., 

^*»<3  unless  they  are  enclosed  in  capillaries,  movement  becomes 

*  **\joo8eible,  and  death  supervenes. 

-_  JjTor  plants  and  animals,  heat  is  the  all-important  condition. 
*  J  thout  it  the  globe  would  be  a  dreary,  barren  waste.  The 
?^*  <^ient  fire  worsnippers  made  sacrificial  offerings  to  the  sun  as 
.*  *  ^  emblematic  source  of  heat  and  of  all  earthly  good.  To  the 
^-^Tjptians  a  burning  torch  was  the  emblem  of  fife. 

TCo  the  earlier  inhabitants  of  the  globe  heat  meant  merely 

V*1^   means  of  cooking,  and  the  promotion  of  the  comfort  of  their 

** 'veilings.     To  the  modern,  it  is  emblematic  of  power  and  a 

***^etery  over  the  earth.     Locomotives  on  land,  steamers  on  the 

&e**,  innumerable  applications  in  factories,  and  those  wonderful 

^Wetro-dynamic  engines  yielding  force  and  light,  are  all  results 

*»?    modern  applications  of  heat  to  generating  various  kinds  of 

force.    Take  away  the  applications  of  heat  which  are  now  so 

lQ\veraally  employed  in  giving  us  the  comforts  of  life,  and  life 
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itself  would  hardly  be  worth  its  existence.  We  may,  therefore, 
profitably  employ  ourselves  with  inquiring  into  the  nature  of 
this  all-important  form  of  energy. 

653.  Theories  of  Heat. — The  first  is  the  theory  of  emission, 
which  hoWs  that  the  molecules  of  bodies  are  surrounded  by  a 
subtle  imponderable  fluid,  which  can  pass  from  one  to  another. 
These  heat  molecules  cause  repulsion  of  those  of  the  substance 
and  oppose  cohesion. 

The  second  is  the  undulatory  theory.  As  with  light,  this  de- 
mands existence  of  the  ether,  the  molecules  of  which  are  in  a 
state  of  vibration.  These  motions  may  be  communicated  to 
the  molecules  of  bodies.  The  hottest  bodies  are  those  in  which 
the  movements  have  the  greatest  velocity  and  the  greatest  am- 
plitude. According  to  this  view,  heat  is  a  condition  of  matter 
and  not  a  substance.     It  is  the  theory  now  generally  accepted. 

654.  Sources  of  Heat.  —The  first  is  the  sun.  It  is  estimated 
that  enough  heat  is  received  by  the  earth  from  this  body  each 
year  to  melt  a  layer  of  ice  over  100  feet  in  thickness.  As  it 
only  receives  the  small  quantity  the  passage  of  which  its  surface 
obstructs,  we  perceive  how  enormous  the  amount  which  escapes 
into  space. 

Regarding  the  source  of  the  sun's  heat,  various  opinions  are 
held.  Some  maintain  that  it  is  the  result  of  mechanical  action, 
arising  from  attraction  of  the  sun  for  meteoric  matter  floating 
in  space,  which,  when  it  comes  within  the  range  of  the  son's 
action,  is  drawn  into  that  body,  and  the  temperature  is  sus- 
tained by  the  continuous  pelting  of  this  matter  striking  the  sun 
with  inconceivable  velocity. 

Another  theory,  held  for  some  time,  was  that  of  combustion, 
but  there  is  nothing  to  show  that  this  is  true.     It  is  generally 
maintained  that  oxygen  does  not  exist  in  the  sun,  but  I  have 
demonstrated  that  the  spectrum  of  that  body  shows  exceedingly 
fine  lines,  which  correspond  with  those  of  the  bright  spectrum 
of  oxvgen,  ''American  Journal  of  Science  and  Arts,"  Oct  1878, 
and  June,  1879  (443).     Granting  that  oxygen  does  exist  in  the 
solar  envelope,  it  has  nothing  to  do  with  its  heat,  since  at  the 
temperature  which  prevails  compounds  cannot  form.     The  ele- 
ments all  exist  in  their  elementary  state;  and  if  compounds 
could  be  formed  in  one  locality  they  would  instantly  be  disso- 
ciated by  the  surrounding  intense  heat. 

Helmholtz  maintains  that  the  smallness  of  the  sun's  density, 
only  one-quarter  that  of  the  earth,  suffices  to  explain  the  origin 
of  the  high  temperature.  Assuming  that  slow  contraction  is 
going  on,  he  estimates  that  a  shrinkage  equivalent  to  nrJinr^1  °f 
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the  sun's  diameter  would  evolve  as  much  heat  as  has  been 
emitted  from  that  luminary  during  2100  years  (444). 

The  second  is  the  internal  heat  of  the  earth.     Shafts  which 
have  been  sunk  in  the  earth's  crust  show  a  uniform  elevation  of 
temperature  with  increase  of  depth.     The  rate  varies  in  different 
parts,  but  may  be  stated  as  1°  F.  for  every  50  to  100  feet.     At 
a  depth  of  30  feet  all  evidence  of  seasonal  change  is  lost,  and  a 
regular  increase  of  temperature  is  established.     At  this  rate,  it 
is   estimated  that  within  a  distance  of  50  miles  from  the  surface 
everything,  even  the  most  refractory,  is  in  a  molten  state.    Geolo- 
gical considerations  also  tend  to  show  that  a  section  of  the  earth 
would  be  represented  by  an  external  solid  zone  30  to  50  miles 
thick,  then  one  of  liquid  matter  of  unknown  depth,  then  a  core 
or  nucleus  of  solid  matter.     As  we  descend,  the  melting  point 
would  under  the  enormous  pressure  become  so  high,  that  it 
could  not  be  maintained  in  that  state. 

The  third  is  chemical  action  of  all  kinds.  Every  process  of 
oxidation,  whether  a  rapid  combustion  or  a  slow  rusting,  every 
act  of  fermentation,  putrefaction,  or  decomposition,  evolves  more 
or  less  of  this  form  of  energy. 

The  fourth  is  mechanical  action,  as  friction  of  all  kinds.  By 
blows  or  percussion  a  blacksmith  may  make  a  small  portion  of 
iron  red-hot.  A  bullet  discharged  against  an  iron  target  melts 
by  the  sudden  arrest  of  its  movement.  Indeed,  heat  is  the  final 
form  of  energy  to  which  all  other  forms  tend,  and  in  which  they 
will  all  be  finally  dissipated. 

Fifth,  electric  action,  as  when  a  current  of  voltaic  electricity 
is  forced  to  pass  along  a  narrow  conductor;  a  principle  whicn 
has  recently  been  utilized  in  the  incandescent  carbon  or  plati- 
num light  of  Edison. 

805.  Effect  of  Heat  on  Physical  Properties. — The  form  of  a  sub- 
stance is  absolutely  dependent  on  its  temperature.  Water,  for 
example,  below  32°  F.,  is  a  solid,  between  that  and  212°  F.  a 
liquid,  above  212°  F.  a  vapor.  In  Fig.  287  we  give  some  of  its 
crystalline  forms  assumed  as  it  passes  into  the  solid  state ;  the 
hexagonal  predominates.  All  solids  become  liquids  under  a 
sufficient  elevation  of  temperature. 

Color  also  is  dependent  on  temperature.  The  iodide  of  starch, 
prepared  by  adding  a  little  tincture  of  iodine  to  a  solution  of 
starch,  is  of  a  rich  dark-blue  hue,  raise  its  temperature  nearly 
to  the  boiling  point,  and  it  becomes  colorless.  Cool  it,  and  the 
blue  tint  is  restored.  So  also  red  iodide  of  mercury  sublimes 
yellow;  white  oxide  of  zinc  heated  turns  yellow,  and  a  host  of 
other  bodies,  if  submitted  to  a  change  of  temperature,  show 
change  in  color. 


Size  is  controlled  by  temperature.  If  we  take  a  copper 
sphere  and  fit  it  accurately  to  a  ring  so  that  it  just  puan 
through  when  cold,  and  then  raise  its  temperature,  it  fails  to 


Eass.     It  has  swollen  or  undergone  expansion  by  the  action  of 
eat.     Cool  it,  and  it  passes.     Fig.  1. 

From  this  experiment  we  perceive  that  heat  expands  a  bod.** 
and  loss  of  heat,  diminution  of  temperature,  or  cold,  causes  it  1° 

contract.     Its  size  is  absolutely  dependent  upon  to  temperature. 

656.  Effect  on  Composition. — If  oxide  of  mercury  be  placed  in 
a  test-tube  and  submitted  to  a  sufficiently  high  temperature  it 
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undergoes  decomposition,  oxygen  being  Bet  free,  and  mercury 
subliming  in  minute  globules  on  the  walls  of  the  tube.  This 
separation  of  a  compound  into  its  elements  by  action  of  beat  ia 
called  dissociation. 

While  a  few  inorganic  bodies  undergo  dissociation  below 
1000°  F.,  there  is  no  organic  Bubstauce  which  can  resist  that 
temperature. 

A   portion   of  wood,  starch,  muscle,  or  other  organic  body, 
l-tlai-ed  in  a  tube  and  heated,  soon  begins  to  undergo  change, 
grasps  are  discharged,  and  water  is  given   oft",  various  volatile 
fluids  with  either  a  pleasaut  or  an  unpleasant  odor  escape,  and 
a.  residue  of  black  carbon  remains.     Heated  on  platiuum  in  the 
iiir,  such  bodies  catch  tire  and  burn,  a  charred  mass  of  carbon 
remaining  for  a  time,  which  by  continued  application  of  heat 
is  finally  oxidized,  and  a  white  asb  obtained.     Heat,  therefore, 
is  the  test  for  differentiation  between  an  inorganic  and  an  organic 
body,  especially  when  used  in  connection  with  air.     The  black 
mtdnfl  of  carbon  which   arises,  and  which  is  completely  oxi- 
dized by  prolonged  application  of  a  high  temperature,  proving 
tlie  substance  to  be  organic. 

In  addition,  heat  determines  whether  the  organic  body  is 
iiiir-igL-nized  or  not.  If  during  the  combustion  the  1'umeB  do 
not  have  an  odor  resembling  that  of  burning  hair,  the  absence 
of  nitrogen  may  be  inferred.  If,  on  the  contrary,  this  odor 
is  perceived  nitrogen  is  present,  and  we  are  dealing  with  u 
nitrogenized  substance. 

657.  Expansion. — In  the  experiment  of  the  ball  and  ring  (655) 
it  was  found,  that  temperature  governs  the  size  of  a  solid;  it 
remains  to  examine  its  eft'ect  on  other  forms  of  matter. 

Take  a  flask,  A,  Fig.  288,  with  a  long  neck,  and  place  in  it 
some  colored  alcohol,  or  any  other  fluid,  mark  on  the  neck  its 
position,  and  then  apply  heat  to  the  bulb.     As 
the  temperature  augments  the  liquid  rises  in  the  Cio.  288. 

neck,  showing  that  it  lias  undergone  expansion. 
We  also  find  that  this  is  far  greater  than  with 
the  solid,  when  we  were  obliged  to  resort  to  the 
use  of  delicate  means  of  measurement  to  de- 
nonitrate  that  there  was  an  increase.  Now 
remove  the  flame,  contraction  begins  and,  with 
returu  of  the  original  temperature,  the  normal 
size  is  gained. 

Gases  also  follow  this  law,  as  illustrated  by 
placing  a  flask,  B,  with  the  mouth  of  its  neck     ™i™™^'""" 
under  water,  and  adjusting,  so  that  the  level  of 
the  fluid  is  half-way  up  the  stem,  and  the  rest  filled  with  air. 
Apply  a  flame  to  the  bulb,  the  merest  touch  suffices  to  cause  an 
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instant  expansion  of  the  included  air,  and  if  we  are  not  careful 
some  of  it  will  escape  from  the  vessel.  With  return  to  its  former 
temperature  the  original  Bize  is  gained. 

All  forms  of  matter,  therefore,  solid,  liquid,  and  gas,  are  ex- 
panded by  increase  of  temperature,  and  contract  when  it  de- 
creases. For  the  three  forms  we  al30  learn  that  for  solids  the 
expansion  is  small,  for  liquids  greater,  and  for  gases  the  greatest 
of  all. 

658.  Expansion  among  Solids, — Tuke  a  thin  strip  of  iron,  A. 
and  a  similar  one  of  brass,  E,  about  three  feet  in  length,  and 

half  an  inch  broad.  Rivet  them  firmly  together,  bo  that  at 
ordinary  temperatures  the  compound  bar  is  straight.     Fix  one 


end  of  this  in  a  vice,  and  allow  the  other  to  play  over  a  scale. 
If  beat  is  then  applied  to  its  under  side,  the  free  end  at  once 
begins  to  traverse  the  scale.  Remove  the  heat  and  it  moves  in 
the  opposite  direction. 

From  this  wo  perceive  that  there  has  been  a  difference  in  the 
rate  of  expansion  in  the  metals  by  the  application  of  heat,  as 
shown  by  the  curvature  produced  in  the  apparatus.  The  metal 
which  expands  the  most  is  that  on  the  outside  of  the  curve.  In 
this  experiment  it  is  the  brass.  When  the  original  temperature 
is  gained  the  bar  is  again  straight,  but  as  we  pass  beyond  that 
to  a  lower,  curvature  in  the  opposite  direction  takes  place,  the 
metal  contracting,  the  most  being  on  the  inside,  and  we  again 
find  it  is  the  brass. 

Brass  and  iron,  therefore,  have  very  different  rates  of  expan- 
sion for  the  same  elevation  of  temperature,  and  it  may  tM  Mid 
that  no  two  solids  expand  exactly  the  same  for  a  given  rise  of 
temperature. 


Cotjficitnta  of  liutni-  ti-f">itxi<ni  <.f  aolida  btiwetn  0°  and  100°  C. 
Pine,  0.000003000  Tin,  0.000021730 


MurMa,  0.000008490 
Out  iron,  0.000011250 
Gmpor  and  b'.lss,  0  0000 1  7  |s'j 
Silver,  0.OOO01BO97 


Lend,  O.00002S576 
Ziae,  0.WO0SWH 
Bulphur,  0.O0OOM1M 

P»r«ffine,  O.OOoyTSMi:* 


■ 


The  coefficient  of  linear  expansion  is  the  elongation  ol  the 
unit  of  length  when  the  temperature  rises  from  0°  to  1°  Q, 

The  coefficient  of  surface  expansion  multiplied  by  three  gives 
that  of  cubical  expansion. 
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Numerous  instances  of  this  are  seen  on  all  sides.  Telegraph 
res  sway  lower  as  the  temperature  rises.  Steam  pipes  in 
ases  must  be  arranged  to  allow  play  for  their  expansion,  or 
y  quickly  get  out  of  order  and  leak.    In  the  Brooklyn  bridge 

vertical  movement  in  the  centre  owing  to  variations  in  tem- 
uture  amounts  to  several  feet. 

Sometimes  this  expansion  and  contraction  of  rods  of  metal  is 
ployed  to  bring  the  walls  of  buildings  out  of  plumb  into  a 
light  line.  A  series  of  rods  are  passed  through  the  walls, 
h  having  a  screw  head  at  one  end.  Alternate  ones  are  then 
ited  by  spirit  flames,  they  expand,  the  screws  are  brought  up 
it,  and  they  cool.  Their  contraction  draws  the  walls  up  a 
le.  The  other  set  is  then  heated  and  the  slack  taken  up ; 
:hey  cool  they  bring  the  walls  a  little  more  together.  This 
ontinued  until  they  are  brought  to  the  vertical  and  properly 
tired. 
rVhere  a  substance  is  a  poor  conductor,  as  glass,  heat  does 

permeate  quickly  if  it  is  thick.     By  the  unequal  expansion 
ich  follows,  fracture  takes  place  from  the 
lin  put  upon  the  molecules.     At  the  same  Fig.  290. 

e  if  it  is  very  thin,  as  in  flasks  and  retorts,  a  w 

I  properly  annealed,  they  will  bear  contact 
be  hottest  Buusen  flames  while  filled  with 
I  water. 

09.  Expansion  among  Liquids. — In  liquids 
at  differences  in  expansion  are  found, 
demonstrate  this  take  two  bulbs  with 
g  tubes  as  nearly  alike  as  possible  as  re- 
els diameter  of  bulb  and  calibre  of  tube. 
I  one,  A,  with  alcohol,  and  the  other,  W, 
h  water  to  the  same  level,  and  immerse 
m  in  a  vessel,  V,  containing  water  at  a 
iperature  of  140°  F.  Expansion  will  irn- 
diately  begin,  but  the  former  will  rise 
re  rapidly  than  the  latter  and  attain  a 
isiderably  higher  level.  As  they  cool  the 
ihol  will  contract  more  rapidly,  until  original  temperature 
I  size  are  gained,  and  they  stand  at  the  same  level. 
liquids,  therefore,  expand  differently,  their  rates  being  as 
OW8 : 

Coefficient  of  expansion  of  liquids  between  V  and  100°  C. 
Mercury.         .     0.01543  Nitric  acid  .Oil 


Difference  iu  ex|*nnion  of 


Water 

0.04Wi 

Alcohol  . 

.     0.116 

Sulphuric  acid 

O.Ott 

Binul|»hi(le  of  carbon 

.     0  125 

Ether 

0.(XS 

Chloroform 

.     0. 1 57 

liflh 

the 

the: 
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660.  Maximum  Density. — Water  and  certain  other  fluids  do  not 
expand  uniformly,  but  as  they  approach  their  boiling  and  solidi- 
fying points  begin  to  move  in  an  irregular  manner.  Especially 
is  this  the  case  with  water.  If  we  begin  to  mark  its  manner  of 
contraction  at  60°  F.  or  thereabouts,  we  And  that  as  the  tem- 
perature diminishes  it  contracts  in  a  uniform  and  orderly  manner 
for  each  degree  of  descent  until  it  reaches  45°,  then  irregularities 
appear.  "W  hen  4°  Cent,  or  39°  F.  is  reached,  contraction  ceases, 
expansion  set3  in  and  continues  to  the  freezing  point.  At  4"  <?. 
or  89°  F.  water  is  in  its  most  compact  or  condensed  condition, 
whether  heated  or  cooled  it  expands.  It  is,  therefore,  said  to 
be  in  the  state  of  maximum  density. 

Other  fluids  which  have  this  property  are  cast-iron,  and  pre- 
eminently, type  metal.  It  is  this  which  enables  the  latter  alloy 
to  copy  the  tine  line6  of  a  mould  so  accurately.  Sulphur  also 
expands  as  its  point  of  solidification  is  approached,  and  can, 
therefore,  be  used  in  the  preparation  of  casts  of  medals. 

661.  Expansion  of  Gases. — While  the  rates  of  expansion  for 
solids  and  liquids  show  great  variation  among  themBelveB,  it 
is  very  different  with  gases.  Here  the  great  tenuity  of  the 
substances  brings  them  nearer  in  relation  to  each  other,  and 
but  slight  variations  are  perceptible.  Indeed,  in  an  ordinary 
course  of  experimentation  they  are  not  visible,  and  require  great 
care  and  exact  means  of  measurement  for  their  determination. 
We,  therefore,  say  that  for  gases  the  rate  of  expansion  is  very 
nearly  the  same,  being  about  ^-J-j-  of  their  volume  at  32°  F. 
every  degree  F.  of  temperature  above  that  point. 

Coefficient  of  expansion  of  gates  between  1°  and  100°  C.,for  a  single  rfc. 
Air      .  0.0036G7  Nitrons  oxide     .         .    0  008719 

Cyanogen  .         .         .    0.003877 
Sulpliurmiaarid         .     0.008008 

A  practical  application  of  the  expansion  of  air  is  made  in  the 
Ericsson  engine.  In  this  arrangement  a  small  quantity  is  forced 
into  a  tire,  where  it  maintains  the  combustion.  In  its  expanded 
condition,  as  product  of  oxidation,  it  is  employed  to  work  a 
piston  In  a  cylinder  and  produce  motion. 

662.  Winds. — By  the  action  of  heat  great  waves  of  air,  called 
winds,  are  initiated  in  the  atmosphere.  In  their  formation  a 
portion  of  the  earth  is  heated.  The  air  expands  and  an  upward 
movement  is  produced.  Under  these  circumstances  the  sur- 
rounding airflows  into  the  vacant  space  and  a  wind  is  estab- 
lished.  It  is  clear  that  it  takes  its  origin  in,  and  blows  toward 
the  place  where  the  upward  current  originated.  It  would, 
therefore,  he  proper  in  the  case  of  a  wind  to  speak  of  it  in 
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reference  to  the  point  to  which  it  is  tending,  and  not  to  that 
from  which  it  is  coming. 

Their  character  is  best  Been  on  ocean  islands.  During  the 
ilav,  from  eight  in  the  morning  to  three  in  the  afternoon  the 
land  is  warmer  than  the  sea,  ana  the  wind  Bets  from  the  latter, 
it  then  dieB  away,  and  at  sunset  springB  up  from  the  opposite 
direction,  giving  a  sea  breeze  by  day  and  a  land  breeze  by  night. 

In  the  Indian  Ocean  the  monsoons,  which  are  semi-annual 
alternations,  are  produced  in  a  similar  manner.  The  trade  winds 
which  blow  continuously  iu  the  same  direction  on  each  side  of 
the  equator,  result  from  the  ascensional  property  and  from  the 
earth's  rotation.  Between  them  there  is  a  zone  5"  or  6°  wide, 
where  calms  and  variable  winds  prevail. 

While  at  the  surface  of  the  earth  the  wind  is  setting  towards 
the  equator,  in  the  upper  regions  it  is  moving  towards  the  poles. 
At  the  former,  rotation  of  the  earth  causes  the  air  to  drag.  In 
the  latter,  it  is  moving  more  rapidly  than  the  earth  as  it  tends 
towards  polar  regions.  Thus  easting  and  westing  are  given  to 
what  would  be  north  and  south  currents  if  the  earth  waB  at  rest. 

»Jn  the  northern  hemisphere  the  movement  is  towards  the  right 
*f  a  person  travelling  with  the  wind  ;  in  the  southern,  towards 
*he  left. 
A  west  wind  has  an  excess  of  centrifugal  force  which  tends 
to  carry  it  towards  the  equator.     An  east  wind  has  a  tendency 
t-owarda  the  poles.     In  the  northern  hemisphere  the  deviation  \b 
to    the  right,  in  the  southern  to  the  left.      It"  in  the  former, 
t-fcere  is  a  sudden  diminution  of  pressure  over  a  considerable  . 
aren,  ihe  surrounding  air  moves  toward   it.     The  converging 
^'r*-ams  before  they  meet  are  deviated  to  the   right,  and  thus 
°*u«e  an  eddy  or  cyclone. 

-Instruments  called  anemottiffers  are  used  for  the  measurement 
0f*  the  velocity  of  winds.  They  are  four  hollow  half  hemi- 
eI>t»ereB  set  at  the  extremities  of  two  diameters  of  a  circle  and 
r**ouDted  on  an  axis.  The  wind  causes  the  apparatus  to  rotate, 
Iv^en  its  rate  is  measured  by  clockwork  attached  to  the  axis. 
■l  this  instrument  the  centre  of  each  cup  moves  with  a  rapidity 
r**~*e-tliird  that  of  the  wind.  The  velocity  of  the  cup,  therefore, 
*^<  tig  known,  that  of  the  wind  is  easily  estimated. 

*M53.  Effect  on  Measures  of  Time  and  Quantity. — The  measure- 

t**et»t  of  time  is  accomplished  by  the  beat  of  a  pendulum  in  a 

'"l^^k,  or  the  oscillations  of  a  balance  wheel  in  a  watch.     For 

C?e«ie  to  beat  true  time  the  length  of  the  pendulum   rod,  or 

"laitjeter  of  the  balance  wheel,  must  be  invariable.     With  ordi- 

T*a*">-  clocks  and  watches  no  care  is  taken,  but  in  finer  instiu- 

^enta  it  is  accomplished  by  the  following  devices. 

let  The  gridiron  pendulum,  Fig.  291,  so  called  because  it 


consists  of  nine  parallel  rods,  which  give  it  a  fancied  resem- 
blance to  that  domestic  implement.    Fonr  of  these  are  copper,  C, 


and  five  iron,  F.  They  are  ar- 
ranged to  have  the  latter  expand 
downwards  from  an  upper  fixed 
support,  while  the  former  expand 
upwards  from  a  lower  one.  The 
centre  of  oscillation  is  thus  kept 
at  the  same  distance  from  that 
of  suspension,  and  the  pendulum 
ium.  beats  uniformly. 

2d.  Compensation  strips,  Fig. 
292,  consist  of  a  compound  bar  of  brass  and 
iron,  1,  fitted  at  right  angles  to  the  rod  of  the 
pendulum  near  the  bob,  and  bearing  small 
spheres  at  their  extremities.  The  size  of  these 
and  the  length  of  rod  are  properly  proportioned 
to  that  of  the  bob.  The  brass  of  the  compen- 
sation bar  being  placed  downwards,  when  the 
temperature  rises  the  balls  at  its  extremities  are 
raised,  as  at  2,  while  the  bob  of  the  pendulum 
id  lowered.  On  cooling,  the  reverse  takes 
place,  as  at  3.  The  centre  of  oscillation  is  thus 
kept  invariable  and  the  pendulum  beats  true 
time. 

lid.  Mercurial  pendulum.  In  this  the  boh  is 
a  jar  or  jars  of  mercury,  fitted  in  a  stirrup  at 
the  end  of  the  pendulum  rod,  Fig.  293.  As 
the  latter  expands  and  tends  to  lower  the  centre 
of  oscillation,  the  mercury  by  its  expansion  in 
direction  raise."  it,  and  the  balance 


Compound  balance  wheel.    The  circum- 

'"  the  balance  wheel  of  the  watch  is  di- 

two  semi-circumferences,  both  compound  bars.     0: 

fitted  to  a  diameter  of  the  wheel,  the  other  is  fit 
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It  bears  a  weight  consisting  of  screws.  As  the  temperature 
varies  the  position  of  the  screw  heads  changes,  making  the  centre 
of  oscillation  of  the  wheel  invariable,  and  it  heats  true  time. 

All  measures  of  quantity  are  subject  to  variations  in  their 
dimensions  as  their  temperature  changes.  To  obviate  this,  that 
nT  which  it  is  taken  should  always  he  given.  English  measures, 
r>»rticularly  those  of  capacity,  are  generally  graduated  either  at 
<5C°  or  62°  F.,  the  average  heat  at  which  they  are  employed. 
The  beet  method  is  to  make  the  scale  at  this  standard;  it  may 
fc>e  taken  at  any  degree,  and  the  proper  correction  for  change 
I  «■»  volume  of  the  vessel  and  the  fluid  or  gas  made. 
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***■■»  rlorio'i  thermometer — DiflVrential  llnerruiniictT — Li<'|iii<i  l  tic  rum  meter* — Csli- 
Urring  the  lube — Preparing  and  tillint: — Urficlimticn  of llie  thermometer — The 
iciiiu — Medical  thermo meters — Registering  thermometer — Displacement  of 
icro  —  Absolute  zero  —  lleinarknble  temperatures  —  Pyrometers  —  Dragnet's 
thermometer — What  thermometers  measure. 

Q64.  Sanctorio's  Thermometer. — Expand  u  bulb,  A,  on  the  end 
**¥  a  tube,  place  the  latter  with  its  mouth  permanently  under  the 
^.**i*face  of  colored  liquid,  B.     Expand  the  air  in  the 
*^***mer  by  heat  and  expel  a  portion  of  it  through        flu  394. 
-   *~»e   fluid.     When  the  bulb  coots  the  fluid  will  rise 
*  *"*     the  tube,  and  form  an  air  or  Sanctorio's  ther- 
^^ometer.     The  slightest  breath  of  warm  air  causes 
**e  index  liquid  to  move  downward,  the  least  appli- 
cation of  cold  produces  action  in  the  opposite  direc- 
*  on.     [t  is  a  most  delicate  thermometer.     The  difK- 
*-  *>ltv  with  it  is,  that  it  also  indicates  the  slightest 
N"*ilriation  in  pressure. 

Place  the  instrument  under  an  air-pump  bell  and 
T*roceedtoexbaust,  the  least  action  of  the  pump  pro- 
Hi'iveruent  in  the  liquid,  and  to  a  tar  greater 
Extent  than  that  caused  by  heat. 

The  sudden  elevation  and  depression  of  the  ap- 
V&ri»tus  will  also  cause  considerable  change  in  the 
ultiu  fluid.     In  its  original  and  simple  form  the  air  thermom- 
•Wtrifl  not  reliable  as  a  neat  measurer. 
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Fig.  295. 


665.  Differential  Thermometer. — Take  two  bulbs,  A  B,  and  hav- 
ing introduced  some  liquid  into  one,  cement  them  together  and 

bend  the  tube  twice  at  right  angles, 
to  brins  the  bulbs  opposite  each 
other,  Fig.  295.  Now  blacken  B 
and  we  have  a  differential  ther- 
mometer, or  one  which  measures 
the  differences  in  temperature  be- 
tween its  bulbs.  The  slightest  breath 
of  warm  air  on  B  causes  the  index 
fluid  to  pass  away  from  it  towards  A. 
A  little  cold  water  applied  to  B  pro- 
duces movement  in  the  opposite  di- 
rection. Place  the  instrument  under 
an  air-pump  bell,  and  the  liquid  index 
is  not  affected  by  the  most  complete 
exhaustion.  Though  limited  to  tie- 
termination  of  differences  in  the 
temperatures  of  its  bulbs,  it  is  most 

satisfactorv  and  reliable  when  it  can 

» 

be  employed. 


IMflfervnti*!  thermometer. 


666.  Liquid  Thermometers. — Practically,  these  are  confined  to 
mercury  and  alcohol.  The  great  advantage  in  the  former  is 
that  it  moves  in  a  cleanlv  wav  in  the  tube,  does  not  adhere  to 
or  soil  it,  and  gives  very  accurate  indications.  Its  high  boiling 
point,  and  low  temperature  required  for  solidification  (a  range 
from  about  660c  F.  to  nearly  — 40c  F.),  and  its  rapid  movement, 
fit  it  admirably  for  this  purpose. 

Where  temperatures  lower  than  — I0C  F.  are  to  be  measured, 
colored  alcohol  is  employed.  This  boils  at  about  176c  F.,  and 
does  not  solidity  until  — 220°  F.  is  reached;  even  at  this  point 
it  can  hardly  be  called  solid.  It  soils  or  wets  the  wall  of  the 
tube;  therefore,  considerable  time  should  be  permitted  for  it  to 
gain  its  true  level  when  it  has  fallen,  before  an  exact  reading 
can  be  made. 

667.  Calibering  the  Tube. — By  this  we  understand  that  all  part* 
of  the  tube  are  to  be  proved  to  have  the  same  diameter.  For 
an  alcoholic  thermometer  the  bore  must  be  circular,  for  the 
meivurial  it  may  1h>  either  circular  or  elliptical.  The  advan- 
tages of  the  latter  are  that  a  very  small  quantity  of  mercury  ©*? 
be  made  to  give  degrees  of  considerable  size  in  a  bore  the  di*m- 
•ter  of  which  in  one  direction  may  be  six  to  ten  times  that  of 
the  diameter  at  risrht  angles  :«•  it. 

Having  sdvetea  the  tube,  it  is  ca!ib*r*d  by  placing  in  it  * 
Column  of  mercury  one  inch  in  length,  the  measurement  being 
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made  by  a  pair  of  compasses.  The  column  is  then  traversed  to 
another  position,  and  its  length  measured.  In  this  way  all  parts 
are  examined,  and  if  the  mercury  ia  of  the  same  dimensions 
throughout,  the  caliber  is  uniform,  and  it  will  answer.  If,  on 
the  contrary,  it  varies  ever  so  tittle,  it  is  useless. 

668.  Preparing  and  Filling. — The  tube  is  drawn  off  in  the  blow- 
pipe flume,  and  the  extremity  closed.  It  is  also  elongated  at 
the  other  end  to  a  suitable  length.  The  sealed  portion  is  then 
heated  in  the  blowpipe  flame  and  air  quickly  forced  in  through 
the  open  end.  After  two  or  three  trials  a  uniform  bulb  is  ex- 
panded, and  the  apparatus  being  allowed  to  cool,  is  ready  for 
the  liquid. 

The  bulb  being  gently  warmed,  to  expand  the  air  contained 
therein,  the  open  end  is  quicklj  placed  under  the  surface  of 
fluid.  As  it  cools  the  latter  gradually  rises,  and  a  small  quan- 
tity gains  access  to  the  bulb.  This  is  heated  until  it  boils,  and 
the  bulb  and  tube  are  filled  with  vapor.  The  mouth  is  then 
again  immersed  in  the  liquid,  when  as  the  vapor  condenses  the 
fluid  rises,  filling  the  tube  and  bulb.  This  process  may  be  facili- 
tated bv  expanding  a  small  funnel  in  the  top  of  the  former  and 
tilling  it  with  clean  dry  mercury.  It  may  then  be  kept  in  the 
vertical  position  throughout  the  operation. 

The  extremity  ia  now  to  be  closed.  To  accomplish  this  the 
l'iill>  is  heated,  the  fluid  expands  and  escapes  from  the  open 
•^iid;  when  the  boiling  point  is  nearly  attained  the  lamp  is 
^removed,  a  blowpipe  flame  directed  on  the  pointed  end,  and 
~*=iie  glass  fused.  Communication  with  the  external  air  is  thuB 
*  Iwtroyed.  The  instrument  should  then  be  put  aside  for  some 
^HioatiM  before  the  scale  is  adapted,  since  a  certain  amount  ot 
M  Jiriukage  of  the  bulb  is  apt  to  occur. 

669.    Graduation  of  the  Thermometer. — There   are   two    fixed 

I>oirits  on  all  therruometric  scales.     The  lower  is  the  melting 

of   ice,  the  upper  the  boiling  of  water.     It  will   not  anewer  to 

*»iii.ke  the  former  the  freezing  of  water,  for  this  is  a  variable 

t*o*nt,  and,  therefore,  unreliable.     It  is  determined  by  tying  a 

*hr<;h'l  around  the  tube,  and  then  placing  the  entire  instrument 

****    a  tall  jar  filled  with  cracked   ice  and  water;  the  thread  is 

from  time  to  time  adjusted  as  the  liquid  falls,  and  when  the  final 

*MljUritment  is  attained,  a  delicate  mark  is  made  with  a  triangular 

filfc   or  diamond.     The  higher  point   is  then  fixed  by  placing 

another  thread  around  the  tube  and  immersing  it  in  a  flask  half 

f»U  of  water,  until  it  nearly  touches  the  fluid.    The  mouth 

^■"  mill  be  lightly  closed  with  a  plug  of  cotton.    When  the  water 

tt  boiling  strongly,  and  the  Husk  filled  with  clear  steam,  the 

thread  around  the  tube  is  adjusted,  and  a  mark  permanently 
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made  as  the  higher  fixed  point.  The  barometer  should  indicate 
760  millimeters.  A  difference  of  27  millimeters  in  pressure 
would  make  a  variation  of  one  degree  in  graduation. 

670.  The  Scale. — Of  these  there  are  three,  Fahrenheit,  Centi- 
grade or  Celsius,  and  Reaumur's.  Each  possesses  certain  ad- 
vantages. In  the  first  the  degrees  are  small,  there  being  180 
between  the  two  fixed  points.  The  lower  is  32°,  and  there  is  a 
considerable  march  beyond  this  before  zero  is  reached,  and  the 
use  of  minus  ( — )  quantities  becomes  necessary.  The  Celsius, 
on  the  contrary,  has  large  degrees,  nearly  twice  the  size  of  the 
former,  and  fractions  are  often  necessary  in  expressing  ordinary 
temperatures.  The  use  of  the  —  sign  as  soon  as  the  freezing 
point  is  passed  often  leads  to  error  by  its  omission.  The  division 
is  more  scientific,  however,  and  of  the  centesimal  character 
towards  which  all  modern  methods  of  measurement  tend.  Yet 
it  does  not  appear  to  force  its  way  with  English-speaking  people, 
and  it  will  doubtless  be  some  time  befoie  our  thermometric 
readings  are  given  in  this  scale.  The  third,  or  Reaumur's,  has 
80  degrees  between  the  two  fixed  points.  It  presents  all  the 
disadvantages  of  the  Centigrade,  and  none  of  its  advantages. 

In  adapting  the  scale  to  the  thermometer,  if  the  Fahrenheit  is 
used,  the  space  between  the  two  fixed  points  is  divided  into  180°. 
To  the  lower  the  value  32°  is  given,  to  the  upper  212°,  and  the 
graduation  is  extended  above  and  below.  In  the  Centigrade,  0° 
is  given  to  the  lower,  and  100°  to  the  upper;  in  the  Reaumur, 0° 
to  the  lower,  and  80°  to  the  upper. 

The  best  plan  is  to  mark  the  scale  directly  on  the  tube,  either 
with  a  diamond  or  by  etching  with  hydrofluoric  acid.  Other 
methods  are,  however,  employed,  ivory,  bone,  paper,  metal,  all 
bear  the  graduation  in  common  instruments,  and  answer  vert 
well. 

For  conversion  of  Fahrenheit  into  Centigrade  the  formula 

is:  F.  -  C*  /  U  +  32°  F.    For  the  opposite,  C.  -  P'  —  J2  *  °- 

A  simple  and  rapid  formula  for  conversion  of  C.  into  F.  i*' 
Double  the  degree  Centigrade  given,  subtract  -|l0th  of  the 
product,  and  add  32°. 

In  alcoholic  thermometers  the  lower  fixed  point  is  deter- 
mined as  stated.  #The  upper,  by  comparison  with  a  good  mer- 
curial thermometer. 

Medical  Thermometers. — The  recent  demands  of  medicine 

rased  the  construction  of  thermometers  in  which  fraction* 

can  be  easilv  indicated  in  the  vicinitv  of  94°  F.,*D<* 

umn  of  mercury  held  at  (he  point  to  which  it  has  rifleo* 

the  bulb  is  made  cylindrical,  A,  and  the  lower  part  ol 
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contracted,  B.     The  movement  of  the  fluid  past  this 
panding  is  not  interfered  with,  but  when  contraction 
he  column  breaks,  and  the  thermometer  in- 
le  highest  temperature  it  has  reached.  When      Fl<»-  29^- 
ument  is  used  again  the  broken  column  is  A 

y  a  slinging  motion  of  the  hand,  bringing 
;al  force  into  play.  The  movement  is  re- 
70  or  three  times,  until  the  purpose  is  attained. 
racy,  such  thermometers  should  be  retained 
position  for  three  to  five  minutes,  to  allow 
ury  time  to  gain  its  true  place. 
and  others  which  accompany  urinometers, 
1  graduated  only  to  120°,  or  thereabouts, 
ist  be  taken  not  to  immerse  them  in  liquids 
ler  temperature,  or  they  will  be  destroyed. 


J 


Blistering  Thermometers. — These  are  used  for 
ogical  purposes.  They  are  known  as  maxi-  B 
i  minimum  thermometers.  They  consist  of 
lercurial  for  high,  and  an  alcoholic  for  low  A 
ures.  The  column  of  mercury  in  the  first 
>roken  by  the  preceding  device  of  a  capillary  thjJ£^w. 
in  the  Isegretti,  or  it  may  push  a  delicate 
fore  it  which  it  leaves  at  the  highest  it  reaches,  thus 
lg  the  upper  temperature.  The  alcoholic  instrument 
n  index  in  the  fluid.  When  expansion  takes  place  the 
jses  the  former,  but  in  the  opposite  movement  the  for- 
rawn  by  the  latter  and  remains  where  it  is  carried,  the 
ring  it  when  it  again  expands,  thus  the  low  temperature 
id.  The  iudex  usually  contains  a  piece  of  iron  wire, 
be  adjusted  by  a  small  magnet  accompanying  the  in- 


Liplaoement  of  the  Zero. — Thermometers  used  for  a  long 
n  show  a  change  in  position  of  the  zero.  In  describing 
istructioii,  it  was  stated,  that  as  perfect  a  vacuum  as 
is  made  over  the  fluid  to  prevent  introduction  of  dust, 
raporation,  and  to  allow  the  column  to  be  broken  when 
It,  therefore,  follows  that  they  must  bear  the  full 
of  air,  viz.,  15  pounds  <*i  every  square  inch.  Under 
lelicate  film  of  glass  forming  the  bulb  yields,  and  after 
change  of  two  or  more  degrees  will  be  found  in  the 
of  zero.     Allowance   must  be   made   for  this   in   all 


Absolute  Zero. — Air  expands  ^T  of  its  volume  for  every 
\  we  give  it  above  43°  F.,  or  yf^  for  every  degree  C. 
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above  0°  C.  It,  therefore,  follows  that  the  lowest  temperature 
we  could  express  by  an  air  thermometer  would  be  — 459°  F.  or 
— 273°C.  These  valueB  are  called  the  absolute  zeros,  and  tem- 
peratures estimated  from  them  are  called  absolute. 

674.  Remarkable  Temperatures. — The  following  are  taken  from 
Gauot's  "Physics."     They  are  in  Centigrade  valueB. 

Greatest  artificial  old  produced  Liv  ti  bnth  of  bisulphide  of 

I              carbon  and  liquid  nitrous  acid — 140° 

Greatest  cold  prodootd  by  other  and  liquid  enrbomcacid     .  — 110° 

Greatest  natural  fold  recorded  in  Arctic  expeditions             .  — 68  7° 

Mercurv  freezes —39.4° 

Mixture  of  enow  and  sa*t —20° 

Ice  melu 0° 

Greatest  density  of  wilier -r4° 

Mean  tempeminrc  of  London 9.8° 

Blood  heat 8(1.6" 

Water  boils 100s 

Mercury  boils 360° 

Sulphur  boils «0° 

Red  heat  (  fntt  vi.il, |.;1  fDudaU] 526° 

Silver  mella                          " 1000° 

Zinc  bolls                              " 1040° 

Cast-iron  melts.                    "         .         .                  .      ,  .         .  1630° 

Highest  heat  of  wind  furnace  (Daniell)      ....  1800° 

675.  Pyrometers. — The  first  of  these  was  the  invention  of 
Wedge  wood,  the  porcelain  manufacturer.  It  consisted  of  two 
inclined  bars  fitted  firmly  into  a  base,  nearer  together  below 
than  above.  One  of  these  bore  a  scale.  Portions  of  porcelain 
clay  were  moulded,  dried,  and  fitted  to  the  upper  or  widest 
division.  It  was  then  submitted  to  heat,  and  when  cool,  again 
placed  in  the  apparatus,  when  the  shrinkage  showed  the  tem- 
perature to  which  it  had  been  subjected  :  thus  the  melting  point 
of  various  metals  was  determined.  It  was,  however,  found 
that  clay  acts  peculiarly  under  the  influence  of  heat,  a  low 
degree  applied  for  a  long  time  producing  as  much  shrinkage  as 
a  high  temperature  applied  for  a  brief  period;  time  is,  tnere- 
fore,  an  important  element,  and  not  to  he  overlooked,  ot  i  i 
grave  errors  will  arise. 

Another  form  consists  of  a  rod  of  brass  or  steel,  its  expansion 
being  measured  by  means  of  multiplying  machinery  consisting 
of  levers  or  cogs  and  wheels.  .  All  these  are  of  little  or  no  value 
on  account  of  their  irregular  movemeuts. 

676.  Bregnet's  Thermometer  is,  in  fact,  a  compound  bar  consist- 
ing of  a  slim  strip  of  platinum  soldered  to  one  of  silver,  and 
roiled  down  to  the  hundredth  of  an  inch  in  thickness.  From 
this,  slips  about  Ath  of  an  inch  wide  are  cut,  their  length  being 
10  or  20  inches.    One  is  wound  into  a  spiral,  A  B,  which  is  fixed 
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at  one  end,  A,  and  free  to  move  at  the  other.     The  latter  bears 
an  index,  B,  which  traverses  a  graduated  circle  bearing  degrees 
similar  to  and  of  equal  value  with  the 
Centigrade  scale.    This  form  is  exceed-  Fio-  297. 

ingly  delicate.  The  gentlest  breath  on 
the  spiral  suffices  at  once  to  carry  the  in- 
dex to  the  temperature  of  the  expired  air. 
It  loses  its  heat  as  quickly,  and  returns 
to  the  original  degree.  It  is  curious  that 
the  Breguet  has  not  been  adopted  in 
medical  practice,  when  it  is  so  admirably 
fitted  to  yield  tbe  indications  sought  by 
the  physician. 

877.  What  Thermometer*  Heaiure.-  -  If 
we  take  a  series  of  vessels  of  increasing 
size  and  fill  them  with  water  from  tbe 
same  source,  and  then  place  a  thermome- 
ter in  each  in  succession,  it  marks  the  same  degree.  Yet  we 
know  that  the  largest  vessel  contains  as  much  more  heat  than 
the  smallest,  as  its  size  is  greater.  From  this  we  perceive  that 
the  thermometer  does  not  measure  the  quantity  of  heat  in  a  given 
mass.  It  merely  indicates  the  temperature  intensity  or  the  degree  of 
heat.     The  quantity  is  to  be  determined  in  other  ways. 


CHAPTER    XXXI. 

SPECIFIC  HEAT  AND  IIKAT  OF  FORM. 

Heal  required  to  warm  a  suhstanco — Thn  calorimeter — Determination  <>(  specific 
heat — Calorie  and  thermal  unit—  Kmion  mid  hi) idi Scat i»n— Variation  in 
fusion  and  solidification — Change  of  volume  in  fusing — Annealing — Latent 
heat — Latent  heat  and  climate— Freezing  miiturc* — Cryntallixalion. 

678.  Heat  Required  to  Warm  a  Substance. — If  we  take  equal 
volumes  of  mercury  and  water  and  place  tliem  in  front  of  a  tire, 
the  temperature  of  tbe  former  rises  much  more  rapidly  than  that 
of  tbe  latter.  If  we  use  the  same  weights  of  tbe  two  substances 
the  difference  is  far  more  striking.  From  this  we  learn  that 
different  Itodies  require  different  quantities  of  heat  to  warm  them  equally. 

In  solids  the  same  thing  is  evident.  Take  bullets  of  zinc  and 
lead,  and  warm  them  equally  by  exposure  to  boiling  water, 
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S'ving  them  time  to  take  up  all  the  heat  they  will.  Then  drop 
em  on  a  slab  of  wax,  about  half  an  inch  thick.  The  zinc  melts 
its  way  through  very  quickly.  The  lead  follows  at  a  considerable 
interval.  The  heat  held  by  the  former  was  greater  than  that  of 
the  latter. 

To  this  the  name  of  specific  heat,  or  capacity  for  heat,  is  given. 
By  it  we  mean  the  amount  of  heat  required  to  raise  the  temperature  of 
a  substance  one  degree  compared  with  that  required  to  raise  the  tem- 
perature of  the  same  weight  of  water  one  degree. 

If,  therefore,  it  is  stated  that  the  specific  heat  of  lead  is  0.0314° 
C,  it  means  that  the  quantity  which  would  raise  the  temperature 
of  a  given  weight  of  lead  one  degree  C,  would  only  raise  that 
of  the  same  weight  of  water  0.0314°  C.  In  all  instances  the 
comparison  is  with  water. 

By  the  sudden  compression  of  a  gas  the  specific  heat  or  caloric 
diffused  throughout,  say  100  cubic  inches,  may  suddenly  be 
forced  into  one  cubic  inch.  The  temperature  will,  therefore,  be 
increased  one  hundred-fold,  for  a  mere  instant  of  time.  An 
illustration  is  offered  by  the  fire-syringe,  in  which  the  piston  is 
armed  with  black  tinder;  the  lower  part  of  the  cylinder  is  closed. 
The  latter  being  filled  with  air.  the  former  is  introduced  and 
suddenly  driven  to  the  bottom,  the  heat  developed  by  compres- 
sion of  the  air  is  so  great  that  the  tinder  catches  fire,  and  a  flash 
of  light  is  seen.  Here  we  have  a  beautiful  illustration  of  the 
conversion  of  work  into  heat.  The  force  applied  to  the  piston 
is  not  lost,  but  converted  into  heat.  If  we  instantlv  release  the 
compression  before  this  has  had  time  to  be  conducted  away,  it 
disappears  in  the  expansion  of  the  gas  to  reach  its  original  vol- 
ume. It  is  reconverted  into  work  represented  by  the  restoration 
of  the  piston  to  its  original  position. 

Three  methods  are  used  for  the  determination  of  specific 
heats :  1st,  by  the  calorimeter  or  melting  of  ice;  2d,  by  mixtures*. 
3d,  by  cooling. 

679.  The  Calorimeter,  in  its  simplest  form,  consists  of  a  blocfc 
of  ice  with  a  oavitv  hollowed  out  in  the  interior,  the  mouth  °* 

which  is  closed  bv  a  slab  of  the  same  i***" 
FlG-  ^  terial  accurately  fitted.     The  object  of  t*?€ 

experiment,  a  liquid,  is  placed  in  a  tt*1! 
flask,  its  weight  accurately  determin^^ 
and  its  temperature  carefully  noted.  T^ 
cavity  is  then  emptied  of  any  water  it  m^ 
contain,  the  flask  placed  therein,  aud  \Y* 
mouth  instantly  closed.     The  temperatuf 

" '  ■'*'" — ' of  the  flask  and  contents  at  once  begins  V 

fall,  and  in  sodoing  melts  the  ice.  Whe-^ 
the  process  is  completed  the  flask  is  removed  from  the  cavitV 
the  water  produced  l>y  melting  is  carefully  measured  or  weighed  • 
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this  indicates  the  amount  of  heat  contained  in  the  substance 
under  examination.  By  a  simple  calculation  the  quantity  for 
each  degree,  F.  or  C,  is  estimated. 

If  great  accuracy  is  required,  a  correction  must  be  made  for 
the  glass  of  the  flask  by  repeating  the  operation  with  it  alone. 
It  ia  also  better  to  use  a  sponge  to  remove  the  fluid  from  the 
cavity,  weighing  it  before  and  after  the  operation,  the  difference 
in  weight  represents  the  quantity  of  water. 

The  difficulty  in  obtaining  blocks  of  ice  of  sufficient  size  and 
compactness,  led  to  the  introduction  of  the  calorimeter  of  La- 
voisier, in  which  ice  is  placed  in  a  vessel  surrounded  by  a  jacket 
also  filled  with  ice.  The  exterior  layer  in  the  jacket  protected 
the  interior  from  the  action  of  air.  The  water  resulting  from 
the  experiment  is  drawn  off'  by  faucets. 

680.  Determination  of  Specific  Heat.— A  given  weight  of  water 
is  first  placed  iu  a  flask  in  the  calorimeter,  its  temperature 
taken,  and  the  amount  of  fluid  it  produces  by  melting  carefully 
determined.  The  quantity  for  each  degree  is  calculated.  An 
equal  weight  of  the  substance  to  be  examined  is  then  placed  in 
the  flask,  its  temperature  taken,  and  the  quantity  of  liquid  it 
can  form  determined,  and  that  for  each  degree  estimated.  This 
is  compared  with  the  result  obtained  in  the  first  experiment, 
when  a  simple  calculation  gives  the  specific  heat  of  the  second 
body,  water  being  1. 

In  the  method  try  mixtures,  the  temperature  of  a  given  weight 
of  the  body  is  raised  to  a  certain  point,  it  is  then  immersed  in 
amass  of  water  of  known  weight  and  degree.  From  the  tem- 
perature of  the  water  after  mixture,  the  specific  heat  of  the  body 
M  calculated. 

The  method  by  cooling  consists  in  the  determination  of  the 
relative  times  required  by  given  weights  of  different  bodies  to 
cool  through  a  certain  number  of  degrees. 

A  knowledge  of  wpecitic  heat  is  of  considerable  importance 
in  the  determination  of  the  atomic  weights  of  elementary  bodies. 

681.  Calorie  and  Thermal  Unit,  etc. — A  •  ■•durie  is  the  quantity 
— *f  heat  required  to  raise  ime  kilogramme  of  water  through  one  degree 

Centigrade.     A  /hernial  ma!  is  the  quantity  of  heal  required  to  raise 
^^mtnt  pound  of  water  through  one  degree.  Centigrade. 

■  alorie  =  2.2  thermal  units.     One.  thermal  unit  =  0,45  calorie. 

The  other  heat  units  employed  are  the  gramme-degree,  or  the 

?l=jw>ttfy  of caloric  required  to  raise  one  gramme  of  water  otiedr./ne  < '. 

The  pound-degree,  the  calorie  required  to  raise  one  pound  twtwhtpoU 

■   ~'J  irater  one  degree  F.  or  C. 

The  foot-degree,  the  calorie  required  to  raise  one  cubic  foot  ofuxiter 
it  degree  F.  or  C. 
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682.  Fusion  and  Solidification. — The  first  effect  of  heat  on  a 
solid  is  to  cause  expansion,  this  continues  for  a  certain  time, 
when  the  body  liquefies ;  to  this  the  name  of  fusion  is  given. 
The  laws  are  as  follows. 

1st  Law.  A  given  solid  begins  to  melt  with  few  exceptions, 
easily  explained,  at  a  fixed  temperature.  This  is  called  its 
point  of  fusion.  It  is  a  specific  character  of  the  substance. 
The  range  for  solids  is  very  great,  as  shown  in  the  following 
table : 


Centigrade. 

Centigrade 

Carbonic  acid 

.  —78° 

Tin 

228° 

Mercury     . 

.  —40° 

Lead 

382° 

Ice 

0° 

Silver     . 

.     1000° 

Phosphorus 

44  2° 

Gold 

1200° 

Wax  . 

64° 

Iron 

1500° 

Sulphur 

.     115° 

Platinum 

2000° 

2d  Law.  During  fusion  the  temperature  of  a  body  remain* 
fixed,  that  of  the  fluid  rises  in  spite  of  the  most  active  stirring. 

Solidification.  When  a  liquid  is  cooled  it  contracts  and 
finally  assumes  the  solid  state,  under  the  law  that  a  liquid  begins 
to  solidify  at  the  same  degree  at  which  the  solid  begins  to  melt 
In  other  words,  the  solidification  and  the  fusion  point  are.  as  a 
rule,  the  same. 

683.  Variation  in  Fusion  and  Solidification  Points. — If  water  id 
kept  perfectly  still  the  temperature  may  be  carried  considerably 
below  32°  F.*  without  the  assumption  of  the  solid  state,  and  it 
may  be  lowered  to  0°  F.  If  it  is  then  touched,  or  the  slightest 
agitation  communicated  to  it,  a  portion  instantly  solidifies  and 
the  temperature  rises  to  32c  F.  Though  it  may  be  cooled  belo* 
32°  F.  without  freezing,  by  no  device  can  ice  be  warmed  above 
that  degree  without  melting.  Melting  of  ice  is,  therefore,  taken 
as  the  lower  fixed  point  on  the  thermometric  scale. 

Under  great  pressures  water  retains  its  fluidity  below  323  F- 
Broken  ice  may  be  compressed  into  lenticular,  cylindrical,  and 
other  forms.  This  is  what  is  known  as  regelation,  a  term  intro- 
duced by  Tyndall  in  explanation  of  the  plastic  nature  of  ice  in 
claeuTs. 

684.  Change  of  Volume  in  Fusing. — When  a  substance  enter* 
into  fusion  there  is  generally  a  rapid  expansion.  In  a  few  in- 
stances, however,  the  reverse  happens.  Of  all  bodies  the  most 
notable  exception  is  water:  in  the  act  of  fusion  it  shrinks  greatly* 
losing  no  less  than  otu-ninth  ot  its  volume. 

In  solidification  the  reverse  occur*,  passing  into  the  state  ot 
foe  it  expands.  The  increase  in  b  ilk  is  about  one-ninth,  hence 
it  is  that  ice  floats,  and  tonus  on  the  surface. 


This  fact  exerts  a  most  important  influence  on  climate.  By 
-virtue  of  it  ice  forms  on  the  surface  of  ponds,  rivers,  lakes,  and 
by  its  con-conducting  power  cuts  off  further  loss  of  heat  from 
the  water  beneath.  In  the  spring  it  is  most  favorably  exposed 
-to  the  action  of  the  sun's  rays,  and  in  the  best  position  for  being 
xnelted.  We  can  hardly  realize  the  difficulties  that  would  arise 
•ran  it  not  for  its  maximum  density,  and  its  sudden  expansion 
i*.»  water  assumes  the  solid  state.  Rivers  and  all  collections 
•would  congeal  from  below.  They  would  solidity  throughout, 
i«.inl  a  long  period  of  time  would  be  consumed  in  the  spring  in 
xmelting  the  gigantic  accumulations  of  winter  ice. 


685.  Annealing.— In  passing  to  a  solid  from  a  liquid  state  the 
«=Kiolecules  of  bodies  must  have  time  to  adjust  themselves  to  the 
mtm  ew  conditions  presented.  Especially  is  this  the  case  with  most 
t  ■  letals,  and  with  glass.  The  process  of  annealing  consists  in  a 
^j-radual  depression  of  temperature,  and  the  allowance  of  a  suffi- 
<^5ent  time  for  this  adjustment  to  take  place  at  least  in  a  partial 
nnanner.  GlaBs  which  has  been  suddenly  chilled  is  exceedingly 
-jz»  xone  to  fly  in  pieces  if  touched  by  a  point  or  scratched  ;  of  this 
-tine  Prince  Rupert  drops  are  an  example.  The  larger  the  mass 
-fclz»e  greater  the  difficulty  in  annealing  it.  The  iron  cylinders 
<z»^r"  great  marine  engines  require  weeks  for  the  accomplishment 
■<r>f  this  process.  In  glass  works  it  is  an  essential  part  of  the 
~w~*r±  anufacture,  and  the  value  of  an  article  and  its  power  to  with- 
^K^»nd  rough  usage  depend  entirely  on  the  care  with  which  it 
Xr.*£B8  been  annealed.  By  recent  devices,  the  so-called  malleable 
je^*Z*oiss.  which  will  bear  the  roughest  usage,  is  prepared.  Pieces  of 
"»  t  may  be  thrown  violently  on  the  floor  without  undergoing 
:<="r-^cture. 

C86.  Latent  Heat. — If  a  pound  of  water  at  80°  C.  be  mingled 
-x.^'"-*  th  a  pound  at  0°  C,  the  temperature  of  the  mixture  will  be 
-^rO  *j  or  the  average  of  the  two.  If  in  place  of  the  latter  a  pound 
■q*^  ice  is  used,  it  will  be  0°  C.  We,  therefore,  perceive  that 
^1-*  <z?  sensible  heat  of  the  water  has  been  lost  in  melting  the 
5  «=--^s  ;  in  other  words,  it  has  become  latent  or  hidden.  Latent  heal, 
*  f*-^^vefore,  is  that  heat  which  disappears  when  a.  substance  changes  ils 
_^<>»~»n.     Jt  is  the  heat  of  form. 

To  determine  exactly  how  much  heat  is  lost,  take  a  mass  of 

*«^a     at  32°  F.,  and  arrange  to   have  it  warmed  at  the  rate  of 

•^5*  •«  degree  F.  per  minute.     At  the  end  of  ten  minutes  it  has 

V*B«*ti  10J,  and  it  steadily  rises  until  32°  F.  is  reached.     Here 

11   »tops  and  begins  to  melt.     This  continues  for  140  minutes,  at 

^V«5    end    of  which   the   march    of  temperature   recommences. 

^**a  ring  this  140  minutes  the  ice  received  one  degree  of  heat  per 


572  HEAT. 

minute,  which  was  rendered  latent,  and  consumed  in  changing 
water  from  solid  to  liquid.  It  is  evident  that  this  140°  F.  repre- 
sents the  caloric  of  fluidity  or  the  latent  heat  of  the  liquid. 

Again  continue  the  application  of  heat,  and  the  rise  of  tem- 
perature continues  steadily  at  the  rate  of  one  degree  per  minute 
until  212°  F.  is  reached,  it  then  stops,  and  the  water  begins  to 
boil.  Place  a  thermometer  in  the  boiling  liquid,  it  registers 
212-°  F. ;  place  it  in  the  steam  rising  therefrom,  again  it  marks 
212°  F. ;  both  have  the  same  temperature.  At  the  close  of  1000 
minutes  the  water  has  disappeared  as  steam,  and  has  carried  otf 
1000°  F.  of  heat  in  the  latent  form;  we  say,  therefore,  th»t 
the  latent  heat  of  steam  is  1000°  F. 

687.  Latent  Heat  and  Climate. — The  loss  of  latent  heat  before 
it  can  assume  the  solid  state,  has  its  influence  in  moderatii3  £ 
the  climate  of  regions  in  the  vicinity  of  collections  of  wate-  <*• 
The  140°  F.  of  caloric  which  it  must  surrender  suffice  for  a  lo»  J 
time  to  resist  reduction  of  temperature,  and  in  the  vicinity  *    >f 
great  water  surfaces  sudden  changes  are  the  exception  aud  n*""1* 
the  rule.     The  variations  by  which  the  thermometer  indicate*       * 
cold  of  — 40°  F.,  or  a  summer  heat  of  over  100°  F.,  belong  c:  o 
regions  at  a  distance  from  the  shore. 

Between  New  York  and  the  immediate  coast  a  difference  czz>f 
five  and  often  ten  degrees  is  experienced  in  very  cold  weathe  w. 
This  is  owing  to  the  fact  that,  while  land  easily  reaches  a  temLZi- 

Serature  below  freezing,  water,  when  32°  F.  is  reached,  surn«^3- 
ers  its  caloric  of  fluidity,  and  resists  the  tendency  to  a  farth*sr 
depression. 

Elevation  of  temperature  is,  in  like  manner,  retarded,  for  iore 
must  have  its  caloric  of  fluidity  before  it  can  assume  the  liquid 
form.  By  its  demand  for  latent  heat  water  tends  to  reguW**e 
temperature,  resisting  sudden  movements  in  either  directfc^11 
above  or  below  the  freezing  point. 

688.  Freezing  Mixtures  are  forced  fusions  in  which  one  ***^I 
stance  is  compelled  to  melt  by  the  action  of  some  other,  as  d^.  % 
and  ice.  Salt  attracts  water  and  forces  it  to  assume  the  l^Q**^ 
state.  To  accomplish  this  the  ice  must  have  its  caloric  of  fluidi  *^^« 
and  it  takes  it  from  any  substance  in  its  vicinity,  reducing  1 
temperature  nearly  to  0~  F.  Here,  however,  action  ceases,  a 
the  water  rejecting  the  salt  with  which  it  had  combined 
rames  the  solid  state  if  subjected  to  a  further  diminution 
temperature. 

889.  Crystallization. — Where  bodies  pass  slowly  from  the  liqu  ^ 
to  the  solid  state  they  tend  to  assume  special  geometrical  form. 
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e.  g.y  cube,  prism,  etc.  These  are  called  crystals.  The  process 
may  take  place  either  from  a  fused  condition  of  the  substance, 
or  by  evaporation  of  a  solution  in  water.  In  the  former  it  is 
said  to  be  by  the  dry  toay,  in  the  latter  by  the  moist  way. 
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690.  Temperature  of  Formation. — Though  water  vaporizes  most 
rapidly  at  its  boiling  point,  the  process  goes  on  at  temperatures 
far  below  this.  Films  of  ice,  for  example,  which  have  formed 
on  a  window  during  a  cold  night  slowly  evaporate  during  the 
day,  without  assuming  the  liquid  state,  if  rays  of  the  sun  fall 
upon  them.  Water,  in  the  solid  state,  therefore,  gives  off 
vapor — indeed,  vaporization  may  be  said  to  take  place  at  all 
temperatures. 

Faraday  attempted  to  determine,  in  the  case  of  mercury, 
whether  there  was  a  lower  limit  to  the  process.  To  this  end  he 
enclosed  a  portion  in  a  vessel,  and  suspended  a  piece  of  gold  leaf 
over  it.  He  concluded  that  vaporization  ceased  when  a  tem- 
perature of  — 10°  C.  was  reached. 

Many  solids — for  example,  iodine  and  camphor — vaporize 
rapidly  without  assuming  the  liquid  state.  On  the  other  hand, 
no  substance  fails  to  vaporize  if  its  temperature  is  raised  suffi- 
ciently. Gold,  platinum,  and  the  most  refractory  metals  under 
the  influence  of  a  voltaic  arc  of  sufficient  intensity  may  be  dissi- 
pated in  vapor. 

In  certain  cases — as  with  camphor — light  seems  to  influence 
the  process.  A  bottle  of  camphor  placed  on  a  shelf,  and  left 
undisturbed  for  a  few  months,  shows  a  copious  deposit  of  crys- 
tals on  the  part  turned  away  from  the  light,  while  not  one  is 
found  on  the  side  towards  it. 
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691.  Properties  of  Vapors. — Fill  a  matrass,  which  is  a  long- 
necked  flask,  with  water  to  within  half  an  inch  of  its  mouth. 

On  this  pour  ether,  close  the  opening  with 
the  linger,  ant!  immerse  it  mouth  down 
in  witter,  B;  remove  the  finger,  and  the 
water  remains  suspended  in  the  flask.  At 
the  same  time  the  ether  rises,  and  takes  its 
place  in  the  globe  of  the  flask,  A. 

Let  heat  be  applied  to  A;  after  a  time 
the  ether  changes  its  form  and  assumes 
the  vaporous  state.  The  matrass  may  be 
filled  with  it,  and  yet  but  a  small  part  of 
the  fluid  disappears.  Pour  cold  water  on 
the  globe,  and  the  ether  reassumes  its 
normal  condition. 

From   this   experiment  we    learn :    let. 
That  vapors  occupy   a   much  greater  apace 
than   the   liquids   which  produce   them.     2d. 
They  are  not  foggy  but  perfectly  transparent, 
though,  as  with  iodine  and  bromine,  thry  may  be 
colored.  3d.  They  are  easily  condensed  into  fluid. 
A  vapor,  moreover,  differs  from  a  gas  only  in  its  relative  con- 
densability.    It  may  be.  defined  as  a  gas  condensing  easily   under 
iwrrease  of  pressure,  or  reduction  of  temperature,  white  a  gas  reqitfat 
great  pressure,  and  intense  cold  to  produce  its  condensation. 

692.  Causes  Influencing  Vaporization. — Rate  of  vaporization 
depends,  1st,  on  temperature,  either  as  regards  its  degree  or  ex- 
tent of  surface  exposed.  A  free  supply  yielding  best  to  be 
rapidly  made  latent  will  increase  the  rate.  Increased  extent  of 
Burface,  by  bringing  the  fluid  in  better  contact  with  heat,  will 
produce  the  same  result.  Therefore,  the  use  of  tubular  boilers 
for  locomotives  and  other  kinds  of  apparatus  in  which  steam  is 
to  be  generated  rapidly. 

2d.  Increased  surface  favors  vaporization.  Hence,  the  form 
given  to  the  so-called  evaporating  dishes,  A,  Fig.  800.  A 
given  quantity  of  water  placed  in  a  flask  and  in  an  evaporating 
dieh,  and  equal  sources  of  heat  applied,  that  in  the  latter  win 
disappear  as  vapor,  while  the  former  will  have  lost  only  a  small 
portion.  When  we  wish  long  digestion  with  heat,  the  latter  is 
the  proper  form  of  apparatus  to  employ.  When  to  get  rid  of 
fluid,  the  evaporating  dish. 

8d.  Removal  of  the  damp  atmosphere  from  the  surface  of  a 
liquid  hastens  evaporation.  Of  this  we  may  satisfy  ourselves 
by  blowing  on  a  fluid  in  an  evaporating  dish,  when  the  process 
will  be  greatly  accelerated,  and  the  temperature  lowered  several 
degrees. 
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4th.  Dryness  of  the  air  also  favors  vaporization.  It  is  in  vain 
hat  we  attempt  to  dry  clothing  when  the  air  is  saturated  with 
noisture.  In  the  laboratory,  the  hot-air  oven,  by  raising  the 
emperature  while  the  dew  point  remains  the  same,  offers  a 
>ractical  example  of  the  application  of  this  principle. 

5th.  Pressure  exerts  a  notable  effect  on  evaporation.  Take 
he  apparatus  (691),  place  it  under  a  tall  air-pump  bell,  and  pro- 
ceed to  exhaust.  After  a  few  moments,  when  about  half  the 
tir  is  removed,  the  ether  fairly  flashes  into  vapor.  Restore  the 
>res8ure,  and  as  quickly  it  reverts  to  the  liquid  state. 

893.  Evaporation  in  Vacuo. — Advantage  is  taken  of  the  last 
property  of  vapors  in  a  variety  of  manufacturing  and  chemical 
>peration8.     w  hen,  for  example,  a  suffi- 
;ient  elevation  of  temperature  to  secure  a  Fl°-  80°. 

rapid  vaporization  would  be  attended  by 
in  alteration  in  the  properties  of  the  sub- 
stances experimented  upon,  the  process  is 
conducted  in  vacuo — that  is,  in  a  space,  C, 
connected  with  an  air-pump  by  which  a 
vacuum  may  be  maintained  through  D. 
An  application  of  this  principle  is  seen  in 
sugar  boiling. 

At  the  same  time,  if  desired,  dishes,  B,  Evaporation  in  vacuo. 

containing  strong  sulphuric  acid  can  be 

placed  in  a  vacuum  vessel,  C.  This  favors  vaporization,  remov- 
ing moisture  from  the  space  at  a  very  rapid  rate  and  at  ordinary 
temperatures. 

694.  Vaporization  a  Cooling  Process. — If  ether  is  poured  on  the 
bulb  of  a  Sanctorio  thermometer,  it  vaporizes  and  causes  a 
rapid  contraction  of  the  air  in  the  instrument.  Anything  which 
favors  evaporation  increases  production  of  cold  and  elevation 
of  the  index  liquid.  The  cause  of  this  is  found  in  the  fact, 
that  for  ether  to  assume  the  vaporous  state  it  must  have  its 
caloric  of  vapor  from  the  substance  whereon  it  rests,  or  with 
which  it  is  in  contact.  In  this  case,  it  takes  it  from  the  bulb  of 
the  thermometer. 

Any  liquid,  as  ether,  alcohol,  water,  which  can  vaporize,  if 
poured  on  the  hand  produces  a  cooling  sensation.  The  more 
volatile  the  fluid  the  greater  the  effect.  In  the  articles  men- 
tioned, it  is  in  the  order  given.  If  at  the  same  time  the  surface 
is  fanned,  the  action  is  increased.  If  water  is  placed  in  a  bulb, 
and  surrounded  with  cotton  soaked  in  ether,  and  the  apparatus 
whirled  in  the  air,  the  cold  will  be  sufficiently  intense  to  cause 
it  to  freeze.  Water  placed  in  a  watch-glass  which  rests  iu 
another  containing  ether,  will,  if  placed  on  an  air-pump  plate 
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and  submitted  to  a  vacuum,  be  quickly  frozen  by  evaporation  of 
the  ether  in  the  outer  crvstal. 

Ordinary  fanning  cools  the  surface  of  a  body.  The  removal 
of  the  vapor  favors  vaporization,  and  in  forming  it  afresh  tbe 
surface  is  cooled  by  the  abstraction  of  warmth  to  give  this  its 
latent  heat. 

The  cooling  effect  of  vaporization  is  applied  in  surgery  for 
production  of  local  anaesthesia.  A  fine  spray  of  ether  is  directed 
upon  the  surface  by  means  of  an  atomizer.  By  its  rapid  evapora- 
tion heat  is  abstracted  from  the  part  and  intense  cold  produced, 
attended  by  loss  of  sensibility,  and  the  knife  can  be  used  with- 
out causing  pain.  A  similar  arrangement  is  utilized  for  freezing 
soft  tissues  in  making  microscope  sections. 

695.  Ice  Machines. — These  depend  upon  the  property  in  ques- 
tion. Some  highly  vaporizable  liquid,  as  ether  or  ammonia, is 
caused  to  volatilize  by  diminution  of  pressure,  accomplished 
by  a  pump.  An  intensely  cold  fluid  is  produced,  which  is  used 
by  some  suitable  device  to  abstract  caloric  from  the  water  to  be 
frozen.  The  portions  vaporized,  are  by  the  same  machine  re- 
condensed,  and  forced  to  reassume  the  liquid  state,  a  large  quan- 
tity of  water  at  ordinary  temperature  being  employed  to  carry 
oft  the  latent  heat,  which  becomes  sensible  heat  when  they  pa* 
from  the  gaseous  to  a  liquid  state.  Being  thus  regained"  they 
are  employed  to  freeze  more  water,  and  thus  the  same  quantity 
is  made  to  produce  an  indefinite  amount  of  ice. 

In  regions  where  ice  is  rare  these  machines  are  worked  with 
considerable  pecuuiary  profit.  The  loss  of  weight  by  long  line* 
of  transport,  the  high  temperature  and  consequent  shrinkage 
by  melting,  meeting  the  increased  expenditure  of  coal  required 
to  work  the  apparatus. 

In  some  hot  countries  water  is  cooled  by  means  of  alcarrazai, 
or  vessels  of  porous  earthenware.  When  liquid  is  placed  in 
one  of  these  a  portion  permeates  the  walls.  If  it  is  then  «t 
in  a  current  of  air  the  evaporation  of  this  exterior  film,  by  it* 
avidity  for  the  latent  heat  necessary  to  form  a  vapor,  cools  tbe 
contents  of  the  alcarraza.  Thus  a  very  agreeable  drink  is  ob- 
tained at  an  exceedingly  moderate  expense. 

696.  Effect  of 'Vapor*  on  Climate. — If  the  temperature  is  taken 
on  the  Atlantic  coast  of  Europe,  and  compared  with  that  of 
the  same  parallel  on  the  American  side,  it  will  be  found  that 
the  average  annual  temperature  is  about  10°  F.  higher  in  the 
former  case.  The  cause  of  this  is  chiefly  the  condensation  of 
vapor  in  the  formation  of  rain.  The  Gulf  stream  made  up  of 
warm  water  from  the  West  Indies,  passes  across  the  Atlantic 
and  bathes  the  whole  of  the  northern  coast  of  Europe  with  *  *** 
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f^k-<z»  tii  which  vapor  is  continually  arising.  This,  taken  up  by  the 
jr»  m-«5  vailing  winds,  is  carried  far  into  the  interior  of  Europe,  and 
«=<=»  racing  in  contact  with  the  cold  of  those  regions  is  condensed. 
IT  *  »  condensing,  it  surrenders  its  1000°  F.  of  caloric  which  gives 
i  «;  *.  fce  vaporous  form,  and  to  this  heat  the  moderation  of  climate 
i^»  due.  As  the  wind  passes  on,  the  vapor  it  contains  is  dimin- 
i  «  litd.  Less  and  less  rain  falls,  and  less  latent  heat  is  made 
«-^^nsible.  The  air  is  drier,  and  with  lack  of  moisture  its  raoder- 
«.-fci«ig  effect  is  lost,  until  finally  a  region  is  reached  where  the 
^  »-e»test  extremes  of  cold  are  found. 

"The  effects  of  the  cold,  intensely  dry  air,  on  the  systeniB  of 
tV>e  inhabitants  of  these  sections,  and  of  our  own  western 
ts«z»utitry  where  similar  conditions  exist,  are  well  worthy  of  con- 
s' "■  «leration.  The  air  is  not  only  cold,  but  almost  entirely  robbed 
c»<^  moisture.  This  passing  into  the  lungs  has  a  profound  desic- 
c^*-ttng  action,  which  must  seriously  interfere  with  their  func- 

P»  OOfl  aud  produce  inflammatory  conditions. 
697.  Vapor  and  Furnace  Heat. — American  houses  are  generally 
t  MBKted  by  a  furnace,  which  takes  air  into  a  chamber,  warms  it, 
«-«-ici  delivers  it  into  the  several  rooms.     In  winter  this  air  often 
\»»a  h  temperature  below  the  freezing  point  of  water:  it,  therefore, 
contains  but  little  moisture.    In  the  furnace  chamber  it  is  heated 
'  1  ■  K.  or  thereabouts.     Here,  therefore,  there  is  a  difference 
ot~  40°  F.  between   the  temperature  and  the   dew-point  of  air, 
I*Bf  that  at  which  it  is  saturated  with  moisture. 

Snch  air  possesses  intense  desiccating  power  over  all  organic 
substances.  Furniture  is  torn  to  pieces  unless  made  of  carefully 
prepared  wood.  Our  systems  are  also  profoundly  affected  unless 
Something  is  done  to  give  to  the  air  the  moisture  for  which  it  is 
8o  greedy.  Generally  this  is  accomplished  by  placing  a  large 
pan  of  water  in  the  chamber  of  the  furnace,  which  by  its  area 
«»ay  supply  a  portion  of  that  required.  In  addition  to  this,  ves- 
sels of  water  should  be  placed  opposite  the  registers  of  rooms 
through  which  heated  air  is  delivered.  It  is  wonderful  to  note 
"ow  much  liquid  will  be  evaporated  in  twenty-four  hours.  A 
gallon  or  more  easily  disappears. 

_  In  the  treatment  of  inflammations  of  the  mucous  membranes 

°*    the  air  passages,  sufficient  attention  is  not  paid  to  this  deBic- 

€'atii1?j  action  of  furnace  air.     It  may  be  modified  by  placing  a 

***sh  of  water  opposite  the  furnace  flue,  and  allowing  towels  to 

,*P  into  it,  which,  taking  it  up  by  capillary  action,  present  it  to 

*•»*«  incoming  rush  of  hot  air,  thus  furnishing  a  portion  of  the 

■^oisture  it  needs.    At  the  same  time,  care  should  be  taken  that 

*iie  pan  in  the  furnace  chamber  is  large,  occupying  the  whole 

***>or,  aud  kept  properly  tilled. 
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Proper  attention  to  these  conditions  will  do  more  to  alleviate 
and  cure  a  patient  than  all  the  medicine  administered. 

898.  Elastic  Force  of  Vapors. — Prepare  a  barometer  by  filling 
with  mercury  a  tube  over  thirty  inches  in  length,  A,  closed  at 
one  end.  Carefully  remove  all  air,  and  place  it 
mouth  down  in  a  cistern  of  mercury,  B.  Let  it 
stand  in  the  vertical  position,  remove  the  finger  and 
the  liquid  will  fall  from  the  top  to  about  thirty 
inches  above  the  cistern,  and  the  barometer  is  pre-  • 
pared.  Introduce  beneath  its  mouth  a  pipette  filled 
with  ether,  the  tip  curved  for  the  purpose,  and  blow 
it  into  the  interior.  The  mercury  will  instantly  fall 
and  stand  at  about  fifteen  instead  of  thirtv  inches. 
Incline  the  instrument  and  warm  the  ether  it  con- 
tains, the  mercury  will  be  driven  lower.  Cool  it, 
and  it  will  rise. 

The  experiment  demonstrates  that  ether  vapor  is 
possessed  of  elastic  force.  If  we  warm  it,  this  is  in- 
creased and  the  mercury  depressed.  If  we  cool  it,  it 
is  diminished,  and  air  pressing  upon  the  fluid  in  the 
cistern  forces  it  up  into  the  tube. 

By  means  of  an  ingenious  device,  known  as  the 
candle  bomb,  the  elastic  force  of  steam  may  be  illus- 
trated.    It  consists  of  a  small  bulb  blown  on  the  end 
of  a  stout  glass  tube  |  inch  diameter,  which  is  dra^1* 
oft*  as  close  as  possible  to  the  bulb,  the  end  being 
The  latter  is  warmed,  a  portion  of  the  air  expelled* 
and  the  stem  placed  under  water.     Bv  contraction  of  the  air     * 
little  water  is  drawn  into  the  bulb.    The  tip  is  then  sealed.    Tt^, 
stem  is  inserted  in  the  wick  of  a  spirit-lamp,  the  alcohol  ignite^ 
and  the  apparatus  put  in  a  safe  place.     After  a  short  time 
violent  explosion  results,  the  intensity  furnishing  a  good  id^^ 
of  what  happens  when   large  quantities  of  water  exert  the  "3 
elastic  force  explosively  as  in  the  bursting  of  boilers. 
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Elastic  fore* 
of  rmpora. 

left  open. 


899.  High-pressure  Steam  Engines  are  examples  of  the  appli 
tion  of  the  elastic  force  of  vapor  of  water,  bteam  is  geuerat 
in  a  boiler,  where  it  is  confined  and  not  allowed  to  escape  exce 
as  used.  Under  these  conditions  its  elastic  force  is  increase 
and  pressures  of  sixty  pounds,  or  four  atmospheres  upon  tt^ 
square  inch,  are  easily  obtained.  This,  admitted  into  a  cylind^ 
provided  with  a  piston,  gives  the  latter  motion  represented  ^ 
this  amount  of  pressure  on  every  square  inch  of  its  surface.  ^ 
suitable  appliances  the  apparatus  is  made  to  work  automatically 
When  the  piston  reaches  one  end  of  the  cylinder,  steam  is  «^ 
mittedon  the  other  side  and  it  is  driven  in  the  opposite  directum* 
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eciprocating  motion  is  thus  obtained,  the  regularity  of  which 
maintained  by  means  of  a  fly-wheel,  and  constitutes  the  ordi- 
-jr  high-pressure  engine. 

In  boilers  of  locomotives,  marine,  and  other  engines  the  solid 
"titer  contained  in  the  water  becomes  concentrated  as  it  is 
Terted  into  steam,  until  finally,  if  care  is  not  takeu  to  blow 
I  *3  solution  off,  deposits  accumulate  to  the  thickness  of  an  inch 
i      the  tubes  of  the  boiler.     When  this  has  formed,  as  it  is  a 
p<>or  conductor,  heat  does  not  traverse  it  freely.     The  metal 
~    ich  it  covers  becomes  superheated,  sometimes  red  hot,  and 
icJizes  rapidly;  finally,  by  weakening  the  boiler,  it  causes  an 
plosion. 

V^arious  devices  have  been  applied  to  prevent  formation  of 

k*se  deposits ;  among  them  is  the  introduction  from  time  to 

tm  me  of  chloride  of  ammonium  into  the  water.    Another,  bolting 

!>«*.  re  of  zinc  in  the  boiler.     These  are  combined  with  frequent 

l>l<3wing  oft'. 

In    low-pressure  engines  the  difficulty  is  avoided   by  using 

^^ter  from  the  condenser,  a  little  additional  supply  being  pro- 

i<3ed  from  time  to  time,  as  from  various  causes  it  is  lost.     In 

Icx^omotives   the   surest  remedy  in  a  limestone  district   is   to 

collect  and  use  rain  water.     Every  other  scheme  is  open  to  ob- 

3&<5tion.     Artesian  wells  will  not  answer,  as  they  contain  more 

dissolved  mineral  matter  than  waters  which  are  superficial. 


CHAPTEK    XXXIII. 

LIQUEFACTION. 

^  tan  tan  ecus  condensability — Low-pressure  engines — Pulse  glass,  cryophorus, 
and  water-hammer — Fog.  Cloud.  Meteorology — Rain — Rain  and  miasm — 
Snow  and  bail — Distillation. 

"^00.  Instantaneous  Condensability  of  Vapors. — Adapt  a  tube,  A, 
a  cork  which  closes  the  mouth  of  a  flask,  B.     About  three 
^^hes  from  the  cork  bend  it,  giving  it  a  short  and  long  leg. 
*  ^ce  water  in  the  flask,  say  one-sixth  full,  adapt  the  combina- 
n  thereto.   Apply  heat  and  boil  the  liquid  until  steam  escapes 
ely  from  the  open  extremity  of  the  tube. 
Having  filled  the  apparatus  full  of  steam,  place  the  mouth  of 
^  long  arm  under  water  in  a  large  vessel,  C;  condensation 


soon  begins  and  little  by  little  the  water  rises  in  tbe^tnbe;  at 
last  a  drop  falls  into  the  flask,  when  instantly  all  the  .vapor  it 
contains  is  condensed,  a  vacuum  is  formed,  and  the  fluid  ii 


I 


forced  up  by  pressure  of  the  air  on  the  surface  of  liquid  in  u« 
reservoir,  it  rushes  in  with  such  violence  that  the  flask  is  gener- 
ally crushed. 

701.  Low-pressure  Engines. — Advantage  is  taken  of  this  prin- 
ciple in  the  construction  of  this  form  of  engine.  A  large  vessel 
called  the  condenser,  is  kept  cool  and  as  vacuous  as  possible. 
When  the  piston  has  reached  one  end  of  the  cylinder  com- 
munication is  established  between  it  and  the  condenser.  ln" 
stunt  condensation  of  the  steam  follows,  a  vacuum  is  form*"* 
and  pressure  of  the  air  forces  the  piston  back;  at  the  »•** 
time  steam  is  admitted  on  the  opposite  side,  so  its  movement  * 
the  resultant  of  two  forces,  pressure  of  steam  assisted  by  preesU" 
of  air  or  a  vacuum  on  the  reverse  side. 

In  recent  marine  engines  the  high  and  low  pressure  for** 
are  united.  A  small  cylinder  receives  the  high-pressure  ste*-1 
at  sixty  or  more  pounds  to  the  square  inch.  From  Hub  it  pas**"' 
into  large  cylinders  over  a  hundred  inches  in  diameter,  in  wbi^ 
it  acts  on  the  low-pressure  principle.  Thus  the  utmost  efle^ 
of  which  steam  is  capable  is  obtained  at  a  minimum  expense. 

70S.  The  Palse-g-uus,  Cryophonu.  and  Water-hammer. — The  fir*" 
consists  of  a  tube  about  one-half  an   inch  in  diameter  with 
bulb  at  either  extremity.     This  contains  colored  alcohol.     A—- 
air  is  carefully  removed,  and  as  perfect  a  vacuum  as  poaaibaV 
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obtained  over  the  liquid.  Grasping  one  of  the  bulbs  in  the 
hand  and  inclining  the  tube  at  a  proper  angle,  the  fluid  takes 
ip  a  pulsatile  movement  between  the  two,  vapor  being  generated 
n  one  and  carrying  a  portion  of  the  fluid  along  with  it  to  the 
Jther,  where  it  is  condensed 
ind  returned  to  the  first. 

The  cryophorus  or  frost- 
bearer  is  similarly  constructed. 
[n  place  of  alcohol,  the  upper 
bulb  is  partly  filled  with  water. 
The  lower  is  empty;  all  air 
being  removed.  A  freezing 
mixture  is  applied  to  the  lower, 
which  condensing  the  moisture 
therein,  promotes  evaporation 
in  the  upper.  This  goes  on  at 
bo  rapid  a  rate  that  the  cold 
produced  is  sufficient  to  freeze 
the  fluid  in  the  latter.  Thus 
we  have  water  frozen  by  the 
application  of  cold  at  a  distance. 
hammer  see  (196). 


The  puta-glnn*. 


For  description  of  the  water- 


703.  Fog.  Clond.  Meteorology. — The  interior  of  the  flask  in 
the  experiment  on  instantaneous  condensability,  though  filled 
with  vapor,  is  perfectly  clear  and  transparent,  l^ot  so,  however, 
with  the  material  which  escapes  from  the  mouth  of  the  tube. 
It  possesses  the  ordinary  smoky  appearance  belonging  to  steam. 
Collect  some  of  this  upon  a  microscope  slide,  and  examine  it  with 
that  instrument.  It  will  be  found  to  consist  of  minute  vesicles 
or  hollow  spheres  of  water.  We,  therefore,  discover  that  steam 
while  in  the  state  of  a  true  vapor  is  clear  and  transparent,  and 
only  assumes  the  form  of  fog  when  converted  into  these  hollow 
spheres.  What  issues  from  the  tube  is  not  steam,  it  m  con- 
densed steam  or  water. 

The  formation  of  these  vesicles,  containing  what  is  supposed 
to  be  in  part  ozone,  is  exceedingly  instructive.  They  are  quite 
permanent,  and  offer  the  first  indication  of  what  may  be  re- 
garded as  the  eel T  wall.  Indeed,  it  is  a  question  whether  all 
forms  in  plant  life  may  not  depend  upon  the  water  they  con- 
tain. After  a  night's  strong  frost  we  find  our  windows  covered 
with  films  of  ice  which  present  every  variety  of  fern  and  other 
lowly  plant  forms.  There  is  nothing  present  but  water,  and  its 
assumption  of  these  outlines,  as  it  becomes  converted  into  ice, 
is  exceedingly  suggestive  of  the  source  whence  the  fern  forms 
are  produced. 


Cloud  ie  by  some  supposed  to  consist  of  hollow  vesicles,  by 
others  of  Bolid  minute  particles ;  both  are  correct,  as  it  is  some- 
times one,  sometimes  the  other.    The  varieties  are  as  follows: 

1st.  Cirrus  is  a  feathery,  wispy  cloud,  occupying  the  upper 
regions,  A.  Sailors  call  them  mares'  tails.  They  are  at  the 
highest  elevations,  and  probably  consist  of  particles  of  ice. 


2d.  Cumulus  is  formed  of  rounded  masses,  li,  convex  abo« 
and  flat  below.  They  are  known  as  cotton  balls  and  wool  pack*. 
They  prevail  in  summer. 

3d.  Stratus  consists  of  horizontal  sheets,  C.  It  is  low  in  tbt 
atmosphere.     It  is  formed  at  sunset,  and  disappears  at  aunriw- 

4th!  Cirro-cumulus  consists  of  small  cumuli  floating  bigher 
than  cumulus.     It  is  the  variety  which  gives  the  mackerel  sty. 

6th.  Send  from  its  low  elevation,  appears  to  move  with  ere" 
rapidity. 

6th.  Nimbus  is  any  cloud  which  is  discharging  rain.  D. 

All  matters  relating  to  phenomena  of  the  atmosphere  which 
appear  aloft  are  dealt  with  by  the  science  of  meteorology,  deri™ 
from  the  Greek  /artapat,  signifying  aloft.  It  was  originally  ap- 
plied to  bright  objects,  as  shooting  stars,  but  now  include* 
clouds,  rain,  lightning,  and  other  phenomena. 

704.  Rain  is  produced  by  condensation  of  fog  vesicles  i"  •** 
clouds,  or  by  coalescence  of  minute  drops,  until  at  last  those  ol 
greater  and  greater  size  are  attained  and  rain  begins  to  fall- 
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The  annual  rainfall  in  different  regions  varies  greatly.  In 
equatorial  parts  of  the  globe  it  often  reaches  a  depth  of  over  100 
inches  annually.  In  our  vicinity  it  is  from  25  to  30.  Meas- 
urement is  made  by  means  of  the  rain  gauge.  For  this  purpose 
a  large  funnel  placed  in  a  measuring-glass  may  be  employed. 
The  area  of  the  former  being  known,  the  latter  gives  the  cubic 
centimetres  or  cubic  inches  of  water  falling  thereon.  The 
instrument  should  be  placed  on  top  of  a  post  away  from  trees  or 
other  obstacles  to  its  free  collection  from  all  sides  of  the  rain 
which  falls. 

The  best  illustration  of  the  variation  in  annual  rainfall  over 
a  limited  extent  of  country,  is  offered  by  the  table  of  Mr.  Sy- 
mons,  for  the. rainfall  of  Great  Britain. 

Lincoln  and  Stamford 

Buford  and  Witham 

London  and  Edinburgh 

Dublin  and  Penh 

Exeter  and  Clifton 

Liverpool  and  Manchester 

Glasgow  and  Cork 

Gal  way 

Greenock  and  Invernrv 

Dartmoor         ......... 

Ben-Lomond    ......... 

705.  Rain  and  Miasm. — Whenever  the  annual  rainfall  in  any 
section  is  diminished,  the  ponds  and  marshes,  losing  their  usual 
supply,  expose  the  dark  muck  which  forms  their  beds  to  the 
action  of  the  sun's  rays.  Under  these  conditions  miasm  of  an 
exceedingly  virulent  nature  is  evolved.  Every  effort  should, 
therefore,  be  made  to  retain  the  water  in  such  places  at  its 
natural  level.  Under  no  conditions  should  it  be  drained,  except 
in  the  winter  season,  when  evolution  of  miasm  is  at  its  minimum. 

706.  Snow  and  Hail. — Condensation  of  vapor  of  water  by  the 
intense  cold  of  the  upper  regions  of  the  air  forms  minute  spicules 
of  perfectly  clear  ice,  which  may  be  perceived  in  these  regions 
as  minute  floating  motes.  Their  coalescence  and  union  pro- 
duces snow.  Some  idea  of  this  intensity  of  cold  at  great  alti- 
tudes is  gained  from  the  fact  thatBarral  and  Bixio,  in  an  ascent 
made  on  July  27,1850,  at  7000  metres  above  the  earth  suddenly 
encountered  a  temperature  of — 39°  C. 

Formation  of  hail  is  usually  attended  by  great  electric  dis- 
turbance. The  size  of  hailstones  is  sometimes  very  great. 
Parent  says,  that  ou  May  15, 1703,  he  saw  some  as  large  as  his 
fist  In  1844  many  fell  in  France  which  weighed  live  kilo- 
grammes, or  about  ten  pounds. 

707.  Distillation  consists  in  vaporizing  a  liquid,  such  as  water, 
and  condensing  its  vapor.     In  ordinary  distillation  the  fluid  is 
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heated  in  a  vessel  called  the  still.  It  should  not  boil,  bat  only 
simmer  gently,  the  formation  of  spray,  and  carrying  over  ot 
minute  portions  are  thus  avoided,  and  a  purer  distillate  obtained. 
As  vapor  arises  in  the  still  it  is  received  in  the  worm,  which  is 
a  tube  coiled  spirally  immersed  in  cold  water.  In  this  the  steam 
is  condensed  and  escapes  below  in  a  fluid  state. 

Special  forms  have  been  devised  to  secure  perfect  freedom 
from  impurity.  One  of  these  is  the  ancient  device  of  the  <?fonfe>, 
which  was  contrived  to  return  a  portion  of  the  less  condensable 
vapors  to  the  still. 

Various  modern  kinds  of  apparatus  accomplish  the  same 
result,  and  by  exceedingly  slow  distillations  we  can  obtain  the 
most  vaporizable  liquids  in  a  state  of  almost  absolute  purity. 

For  liquefaction  of  distillates  in  the  laboratory,  Liebig's  con- 
denser is  used.  Cold  water  is  delivered  into  it  by  the  funnel  a  6, 
and  flowing  through  a  metallic  jacket  which  surrounds  the  tube, 
e  e,  keeps  it  cool  and  condenses  the  vapor  as  it  passes  from  the 

Fio.  305. 


retort  through  d.     The  overflow  of  the  former  is  caught  at 
and  the  condensed  vapor  is  delivered  at  d'. 

As  a  rule,  the  first  fifth  and  the  last  two-fifths  of  a  specimen 
are  not  collected.  The  first  contains  vapors  which  are  obje^ 
tionable.  The  last  two,  salts  in  increasing  quantity,  and  tbj 
liability  to  formation  of  spray  and  destruction  of  the  wholJ 
distillate  is  very  great. 

It  is  an  excellent  practice,  to  follow  a  species  of  fraction^ 
distillation,  collecting  the  distillate  by  tenths,  and  mingling  thos-- 
which  are  pure. 
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CHAPTER    XXXIV. 

HYGROMETRY. 

Hygrometry — Mason's  hygrometer — Method  of  taking  dew-point — Dew-point  and 
sensation  of  temperature — Moisture  exhaled  from  the  lungs — Moisture  exhaled 
from  the  skin — Effect  of  exercise  on  insensible  perspiration. 

708.  Hygrometry. — We  have  referred  to  the  presence  of 
moisture  in  air.  It  is  not  to  be  supposed  that  this  is  in  any 
way  held  by  the  air.  The  two  things  air  and  vapor  simply 
coexist  in  a  given  space  independently  of  each  other.  A  vacuum 
will  hold  the  same  quantity  of  the  latter  at  a  given  temperature 
as  if  filled  with  the  former.  The  measurement  of  the  amount  of 
vapor  in  a  given  area  constitutes  the  science  of  hygrometry. 

The  effect  of  moisture  and  dryness  on  organic  substances  is 
well  known.  The  splitting  of  articles  of  wood,  as  furniture, 
in  drying  is  familiar  to  all.  The  simplest  hygrometers  are  based 
on  this  property. 

The  hair  hygrometer  consists  of  a  human  hair  carefully  deprived 
of  its  grease  bv  ether,  one  end  attached  to  a  firm  support,  the 
other  to  an  index,  arranged  as  a  lever  of  the  third  order — that 
is,  with  the  power  or  hair  between  the  fulcrum  and  the  weight 
and  near  to  the  former.  When  it  expands  the  lever  falls,  and 
marks  its  effect  on  the  scale:  when  it  contracts,  it  rises.  It  is 
graduated  by  exposing  the  instrument  to  the  full  effect  of:  1st, 
a  very  dry,  and  2d,  a  saturated  or  wet  atmosphere. 

The  compensation  bar  hygrometer  is  composed  of  a  piece  of 
whalebone  firmly  glued  to  a  strip  of  wood  cut  across  the  grain. 
One  end  is  attached  to  a  fixed  support,  the  other  plays  over  a 
scale  suitably  divided.     Fig.  289. 

A  registering  hygrometer  is  formed  of  a  thin  rectangular  strip  of 
wood  cut  across  the  grain,  about  one  inch  wide  and  ten  long. 
Pins  are  then  passed  through  the  four  comers  at  equal  angles 
of  obliquity.  Their  points  look  in  the  same  direction.  When 
placed  upon  a  table,  if  the  air  is  damp  the  hinder  pins  take  hold 
of  the  wood,  and  as  the  strip  expands  the  fore  pins  are  moved 
ahead.  When  it  contracts  the  latter  take  hold,  and  the  former 
are  drawn  forwards.  Thus  it  gradually  travels  over  the  table 
registering  the  alternate  expansions  and  contractions  of  the 
strip  of  wood  under  influence  of  the  variations  in  moisture  of 
the  air. 


709.  Mason's  Hygrometer  consists  of  two  thermometers,  A  and 
B,  Fig.  306.  alike  in  all  respects.  One  is  the  dry  bulb,  the  other 
the  wet.  The  latter  ia  covered  exteriorly  with  a  strip  of  linen 
which  dips  into  a  vessel  of  water,  C.  Thi3  by  capillary  attrac- 
tion rises  therein,  and  bathes  the  surface  of  its  thermometer. 
The  moisture  thus  raised  is  evaporated  by  the  heat.  If  the  air 
is  dry,  evaporation  is  rapid,  and  the  cooling  effect  sufficient  to 
depress  the  mercury  in  the  thermometer  a  considerable  number 
of  degrees,  compared  with  the  point  at  which  it  stands  in  the 
dry  bulb.  If  amount  of  moisture  is  greater,  cooling  effect  and 
depression  of  the  thermometer  are  less.  The  indications  of  the 
instrument  are  given  as  dry  bulb  so  many  degrees,  wet  bulb  ao 


710.  Method  of  Taking:  the  Dew-point. — Of  all  methods  of  hygro- 
metric  measurement  that  of  taking  the  dew-point  is  the  most 
satisfactory.  The  apparatus  retmired,  Fig.  307,  is  a  thin  glass  or 
silver  vessel,  a  good  thermometer,  ice,  and  water.  The  operation 
consists  first,  in  taking  the  temperature  of  the  air,  a  small  piece 
of  ice  is  then  placed  in  the  water  in  the  vessel,  and  the  mixture 
stirred  with  the  thermometer.  The  temperature  is  noted  from 
time  to  time,  and  the  exterior  of  the  vessel  watched  for  the  first 
appearance  of  a  coating  of  moisture  or  dew;  the  instant  this  is 
seen  the  thermometer  is  read,  and  the  temperature  is  the  dew- 
point,  or  that  at  which  dew  ia  deposited  from  the  air. 

711.  The  Dew-point  and  Sensation  of  Heat. — Variation  in  the 
dew-point  affects  seriously  our  sensation  of  heat.     A  clear  day 
On  which  the  thermometer  stands  high,  but  the  dew-point  very 
low,  ia  not  aa  unbearable  as  one  when  it  stands  much  lower,  but  - 
the  dew-point  very  high,  or  close  upon  the  temperature. 

In  the  first  case,   there  may   be  twenty   degrees   difference 
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•vt\vt.-on  the  dry  and  wet  bulb  of  a  Mason's  hygrometer.  All 
'  "s  is  available  for  evaporation  of  moisture  from  the  surface  of 
s  body,  and  this  is,  as  we  know,  a  cooling  process.  Consid- 
erable exercise  can  be  taken  on  such  a  day  without  any 
unpleasant  sensation  of  heat,  for  that  produced  iu  the  body  is 
removed  by  evaporation  of  water  as  fast  as  it  arises.  On 
another  day,  the  thermometer  may  stand  ten  degrees  lower,  but 
Qu  wet-bulb  instrument  showing  that  the  air  is  saturated  with 
dampness,  any  exertion  is  insufferable.  There  is  no  Bpace  for 
evaporation,  the  air,  so  to  speak,  cannot  take  up  any  more 
moisture,  and  we  are  drenched  with  perspiration  if  the  slightest 
■J'fivhy  is  attempted. 

712.  Moisture  Exhaled  from  the  Lungs.-— In  1856  I  published  a 
SfiTKft  of  experiments  on  this  subject.  They  were  made  with  a 
^Metallic  condenser,  by  which  the  errors  attending  the  preceding 
"ietthods  of  experimentation  were  avoided,  as  the  air  passed 
•*-»  «—  ough  without  obstruction.  The  film  was  one-eighth  of  an 
r*  «=■!  thick.     The  condenser  was  placed  in  a  vessel  of  water  and 

■  «^s-  ^  and  its  temperature  maintained  at  32°  F.     At  the  entrance 
"fc  fcermometer  registered  the  temperature  of  the  breath,  another 

"*he  exit  gave  that  of  the  air  escaping.     The  former  marked 

■  _        V..  the  latter  32°  F.     So  all  the  moisture  between  these 
■*  *_  rts   was   deposited   in  the   apparatus.     The   condenser  was 

-  — "    "*  gbed  at  the  beginning  and  the  end  of  each  experiment,  with 

^-*-     following  results: 

»Ko.  of  respirations  in  one  minute,  16. 
Dew-point  of  breath  94°  F. 

Experiment  1.  Grains  of  (rater  per  minute     ....  4  878 

Experiment  2.         "  "  ■'  4  689 

Experiments.         "  "  "  4.828 

Experiment  4.         "  "  "  4  418 

Average 4.418 

Jfo.  of  retj'iratio'it  per  minute,  IS. 

Experiment  1.  Grains  of  water  per  minute  ,         .         .  8,602 

Experiment  2.         "  '■  "  8  415 

Experiments.         "  "  "  8.748 

Average 8.686 

So.  of  retqiirations  per  minute,  38. 
Experiment.     Grains  of  water  per  minute  ...     7  500 

-■tabulating  these  experiments,  we  obtain: 

No.  of  respirations    IS.     Grain!  of  water  per  minute  .     8.S8B 

■'              "             lfi.          "              "                  '•  .         .    4.416 

"              "            83.          "              ••                  "  MM 

-»     S^rom  this  we  find  that  the  quantity  of  water  exhaled  also 
**^pendB  on  the  rapidity  of  the  respiratory  act. 
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The  experiments  were  continued  for  the  same  period,  riz., 
twenty  minutes.  They  were  made  at  a  temperature  of  56°, 
and  a  dew-point  of  49°.  The  same  person  was  the  subject 
being  a  healthy  adult  weighing  130  pounds. 

The  amount  of  air  in  each  respiration  was  calculated  from  the 
amount  of  water  deposited,  with  the  following  result: 

Xo.  of  Cubic  iocW* 

respirations.  per  minvtt. 

6.     Least  amount  sufficing  for  wants  of  system  .511 

16      Average  demand 622 

33.     Utmost  extent  of  respiratory  operation   ....     1077 

The  amount  of  air  in  each  normal  respiration  is  38^  cubic 
inches,  the  number  of  acts  being  sixteen  per  minute. 

713.  Moisture  Exhaled  from  the  Skin. — For  examination  of 
this  problem  I  constructed  a  balance  in  1862,  which,  with  ft 
weight  of  200  pounds  in  each  pan,  easily  indicated  the  addition 
of  a  grain  to  either.  With  this  a  great  number  of  experi- 
ments were  made  with  the  following  results,  in  which  the  com- 
bined loss  by  lungs  and  skin  is  given : 


ItMvnoible  \<m  per  minute. 

Temperature. 

Dew-point 

Day  rest 
Night  sleep  . 

0.79  gramme. 
.     0.47  "      -l 

56° 
50° 

46° 
42° 

The  nocturnal  loss  is  that  which  takes  place  during  quiet, 
placid  sleep,  and  the  diurnal  occurs  when  the  body  is  kept  in 
as  perfect  a  state  of  rest  as  consistent  with  comfort,  the  time 
being  spent  either  in  writing,  sitting,  or  reading  in  a  recumbent 
posture. 

To  the  observant,  intelligent  physician,  who  has  endeavored 
to  control  the  condition  of  his  patients  by  seeking  to  give  them 
nervous  as  well  as  mere  muscular  rest,  the  above  results  explain 
the  wonderful  effect  which  sleep  has.  not  only  in  restoring  the 
tone  of  the  system,  but  also  in  arresting  the  great  loss  of  weight 
and  emaciation  which  attend  so  many  diseases  during  their 
restless,  wakeful  period,  but  which  cease  almost  the  moment 
that  a  calm  nisrht  is  granted  to  the  sufferer.  For  during  such 
a  night  the  insensible  loss  continually  taking  place  is  only 
about  one-half  that  in  simple  muscular  rest.  A  sound  sleep 
usually  marks  the  beginning  of  the  stage  of  convalescence  in 
anv  disease. 


714.  Effect  of  Exercise  on  Insensible  Penpirmtion.— To  determine 
this,  a  number  of  trials  were  made,  which  demonstrate  that  m 
health  additional  activity  in  the  muscles  is  the  chief  cause  of 
increase  in  the  rate  of  loss  by  insensible  perspiration;  and  that 
in  moving  the  body  of  an  adult  weighing  65,000  grammes  one 
mile,  44  grammes  in  addition  to  the  usual  amount  are  lost. 
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The  data  from  which  these  conclusions  were  deduced  were 
obtained  by  performing  a  series  of  experiments  in  which  exer- 
cise, varying  in  duration  and  intensity,  was  undergone;  and 
determining  the  increase  in  the  rate  of  insensible  loss. 

For  10-thousandths  mile  per  minute  motion,  1.16  gramme  per  minute  of  insensible 

loss. 
For  19- thousandths  mile  per  minute  motion,  1.6?  gramme  per  minute  of  insensible 

lofts. 
For  22-thousandths  mile  per  minute  motion,  1.88  gramme  per  minute  of  insensible 

loss. 
For  41 -thousandths  mile  per  minute  motion,  2.40  grammes  per  minute  of  insensible 

loss. 

These  examples  not  only  bear  out  the  statement  regarding  the 
increase  in  loss  which  follows  active  muscular  exertion,  but  they 
also  show  how  great  an  influence  this  has  in  promoting  insen- 
sible perspiration ;  a  movement  of  forty-one  thousandths  of  a 
mile  per  minute,  which  is  equivalent  to  three  miles  an  hour, 
causing  the  rate  of  loss  to  rise  from  80  to  240,  or  three  times  the 
original  amount.  Could  we  have  indicated  to  us  more  clearly 
the  true  channel  through  which  the  products  of  waste  and 
decay  in  the  interior  of  the  economy  during  violent  muscular 
action  are  thrown  off? 

While  considering  the  evacuation  of  effete  material  in  a  form 
which  is  not  appreciated  by  the  senses,  it  becomes  a  matter  of 
interest  to  determine  whether  the  loss  due  to  muscular  action 
ceases  as  soon  as  exercise  stops,  or  is  continued  for  some  time 
afterward.  To  answer  this  inquiry,  I  made  a  series  of  experi- 
ments in  the  months  of  February  and  July,  1863.  The  rate  of 
loss  before  exercise  was  first  determined.  I  then  walked  on  dif- 
ferent occasions  distances  varying  from  one  to  five  miles,  and 
by  weighing  at  once,  obtained  the  loss  during  exercise.  I  then 
weighed  at  intervals  of  twenty  minutes,  to  find  at  what  time 
the  rate  of  loss  became  the  same  as  before  the  experiment  was 
undertaken. 

The  results  obtained  showed  that  the  increased  rate  continues 
for  some  time  after  the  exercise,  and  it  i6  necessary  that  about  an 
hour  should  elapse  before  the  standard  is  regained;  as  illustra- 
tions, a  couple  of  experiments  are  given  The  average  per 
minute  in  the  state  of  rest  was  0.79  gramme. 

Rate  of  loss  per  minute  after  violent  exercise. 

No.  1    First  (20  minutes),  1.26.     Second  (20  minute*),  0.91.     Third  (20  minutes), 

0.76  gramme. 
No.  2.   Firet  (20  minutes),  1.05.     Second  (20  minute*),  1.00.     Third  (20  minutes), 

0  90  gramme. 

Both  of  these  show  a  continuance  of  increased  rate  after  exer- 
cise ceased.  In  the  first,  at  the  close  of  one  hour,  the  insen- 
sible loss  had  not  only  reached,  but  had  fallen  below  the  normal 
standard,  0.79;  while  in  the  second,  in  which  it  was  greater,  it 
had  not  quite  reached  it. 
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containing  water,  the  temperature  rises,  and  currents  are  estab- 
lished  which    are   perfectly  visible    if 
Fio.  308.  the  fluid  ie  examined  close  at   hand. 

After  a  while  bubbles  of  air   escape. 
Jl  These  form  and  rise  through  the  liquid 

/  _\  without  producing  any  serious  commo- 

tion.    In  their  turn  they  are  followed 
nr^HSlV  by  a  singing  sound,  caused    by   steam 

bubbles,  which  gather  on  the  bottom 
of  the  flask,  and  rising  ft  short  distance 
are  condensed  by  the  cool  water  above. 
1^  The  fluid  is  thus   thrown    into   vibra- 

/Jt — £*^^      a  ti°n  a,|J  a  sound  emitted,  well   known 

.— ^ b^bb^bbbb— jH*^     as  the  singing  of  the  kettle.     This  lasts 
"™^^  tor  a  short  time,  and,  finally,  gives  place. 

to   full    boiling,   in    which    the    rteun 
bubbles  maintain  their  form  until  they  break  on  the  surface. 

716.  Variations  in  Boiling  Point. — If  water  is  boiled  in  a  rough- 
iron  pot,  violent  ebullition  is  produced  at  211°  F.,  a  degree  below 
the  true  boiling  point.  If  the  surface  is  smooth,  the  tempera- 
ture may  rise  to  214°  F.  before  it  is  fairly  established.  This  is 
the  result  of  adhesion  between  the  molecules  of  the  ran 
thoBe  of  the  fluid. 

Many  liquids,  as  sulphuric  acid,  boil  in  a  very  irregular  ow- 
ner, the  temperature  rising  a  number  of  degreea  above  the  iru. 
boiling  point.  There  is  then  a  sudden  violent  rush  of  vapor, 
and  the  temperature  falls  to  the  staudard,  to  rise  again  in  the 
same  manner.  These  irregular  actions  cease  when  some  object 
which  affords  points  for  the  escape  of  vapor  ire  thrm 
the  vessel.  In  the  preceding  case,  introduce  a  few  pi 
platinum  into   the   liquid  and  it   boils  in  a   quiet  simmering 
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ion,  all  violence  is  lost,  and  there  is  no  further  risk  of 
iking  the  vessel  by  the  strength  of  the  ebullition. 

17.  Influence  of  Reduced  Pressure. — Of  all  causes  which  in- 
nee  boiling  point,  that  of  pressure  is  the  most  profound, 
tea  flask  ot  water  boiling  at  ordinary  pressure,  pour  it  into  a 
ker,  A,  it  will  be  cooled  many  degrees.  Place  it  under  the 
B  on  the  air-pump  plate  C,  and  exhaust.  In  a  few  moments 
gain  begins  to  boil,  as  action  of  the  pump  continues  ebullition 
omes  more  and  more  violent,  at  last  it  ceases.  If  air  is  then 
aitted,  the  water  will  be  found  to  have  a  temperature  so  low 
t  the  hand  is  easily  borne  in  it.  By  a  diminution  of  pres- 
e  we  have  lowered  the  boiling  point  to  100°  F.  or  less. 


ependent  upon  this  fact  is  a  curious  phenomenon  known 
lo  culinary  paradox,  in  which  water  is  boiled  by  application 
old,  A  flack,  A,  is  half  filled  with  boiling  water,  quickly 
red,  and  placed  bulb  and  neck  in  cold  water,  It.  The  liquid 
he  bulb  at  once  begins  to  boil,  and  continues  in  that  coii- 
>n  for  Bonie  time.  If,  before  it  ceases,  the  cork  is  removed, 
e  ia  a  sudden  inrush  of  air,  showing  that  the  interior  was 

vacuous  condition. 

he  explanation  is  simple;  when  the  Hack  was  placed  in  cold 
±r,  the  steam  filling  its  upper  part  was  condensed,  a  vacuum 

formed  in  which  the  fluid  boiled  by  virtue  of  the  law  just 
oriBtrated  that  reduction  of  pressure  is  attended  by  lowering 
■oiling  point. 

8.  Elevation  and  Boiling  Point. — The  lowering  of  boiling 
>t  by  elevation  above  the  surface  of  the  earth,  led  to  its 
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utilization  for  measurement  of  height.  For  this  purpose  i 
thermometer  with  large  degrees,  called  an  hypsometcr,  is  used. 
It  is  graduated  to  fractions.  The  water  must  be  pure,  it  is 
heated  to  boiling,  and  the  thermometer  introduced.  Ad  eleva- 
tion of  about  530  feet  causes  a  depression  of  1°  F.  in  the  boiling 
point,  and  smaller  elevations  in  similar  proportions. 

By  the  diminution  in  the  boiling  point  following  elevation 
above  the  surface  of  the  earth,  a  position  may  at  last  be  reached 
where  the  temperature  of  ebullition  is  so  low  that  the  ordinary 
process  of  cooking  as  applied  to  coagulation  of  albumen  foils, 
and  no  effect  of  the  application  of  heat  will  succeed  in  producing 
the  desired  result. 

719.  Influence  of  Elevation  of  Pressure. — Take  a  spherical  boiler 
with  three  openings,  the  1st  for  the  admission  of  water,  the  2d 
bearing  a  thermometer,  and  the  3d  carrying  a  pressure  gauge 
consisting  of  a   tube  some   three   feet  in   length   which  dips 
into  mercury  placed  in  the  boiler.     Pour  in  water  until  it  rests 
on  the  surface  of  the  mercury,  apply  heat,  it  soon  enters  into 
ebullition  and  steam  escapes  freely  from  the  1st  opening  through 
which  the  fluid  was  introduced,  the  thermometer  marks  100°  C. 
Close  the  stopcock  by  which  the  steam  escaped,  it  begins  to 
exert  its  elastic  force,  it  presses  upon  the  water,  and  this  upon 
the  mercury,  and  soon  we  see  the  latter  making  its  appearance 
above  the  cap  which  holds  the  tube  in  place.     At  the  same 
time  we  find  the  thermometer  registers  a  higher  degree.    As 
pressure  iucreases  the  temperature  steadily  rises  until  when  * 
full  atmosphere  is  reached,  indicated  by  the  mercury  standing  f* 
thirty  inches,  the  thermometer  registers  120.6°  C.     The  vatf* 
tions  of  boiling-point  with  changes  in  pressure  are  as  follows  • 

Tension  of  the  rapor  of  water. 


Trill  |*T5»tur* 

Teo*i.-n  in  mi!lin>-tn>-> 

T*-ni[B»nfclur* 

Tension  in  stBK«p> 
1  atmiwphiT  -  7* 
"f  nvfrurr. 

«>ntigr»-t-. 

>»f  ro»'n."urr. 

Centigrade. 

— 20= 

0.927 

100  0° 

1 

— lo= 

2093 

111.7° 

1.5 

o- 

4.600 

120  6° 

o 

-  -V 

6  534 

127.8° 

2.5 

10- 

5».  165 

133  9C 

3 

15° 

12.6'.«*» 

144  0° 

4 

'20= 

17  391 

159.2° 

a 

30° 

31.548 

17oS« 

8 

40* 

M.906 

180  3° 

10 

50~ 

91. 9ft! 

188.4° 

12 

60- 

148  791 

195  5° 

14 

7t>° 

233<r*3 

201.9° 

16 

$0* 

354  280 

207.7° 

18 

90* 

525  450 

213.0' 

20 

100-* 

760.000 

224.7° 

25 
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720.  Papin's  Digester  is  a  closed  boiler,  A,  in  which  water  is 
"heated  under  pressure,  and  its  boiling-point  raised.  With  this 
-3ise  it  gains  increased  power  of  solution  over  all  kinds  of  animal 
nd  other  substances.  Teudons,  cartilage,  and  other  gelatinous 
odies  placed  therein  under  a  pressure  of  four  or  five  atmos- 
heres  are  quickly  dissolved.  In  this  manner  albuminoid  sub- 
tances  are  now  extracted  from  bones. 


Fio.  311. 


Fiu.  312. 
A 


SpliiToiilul  -tate. 


Fapjn's  digester. 


721.  Spheroidal  State. — If  a  metallic  vessel,  A,  is  heated  to  a 

ight  red  and  water  thrown  into  it,  instead  of  bursting  into 

earn  it  quietly  moves  about  on  the  surface  gathering  itself  up 

to  a  sphere,  and  gradually  disappears.     The  assumption  of 

is  form  is  called  the  spheroidal  state.     Though  seeming  to  be 

contact  with  the  metal,  it  is  not,  but  floats  about  on  a  cushion 

steam  which  bears  it  up.     Rapid  evaporation  from  its  under 

rfece  doubtless  has  a  cooling  effect,  and  if  we  could  examine 

e  temperature  of  the  mass  it  is  not  at  all  improbable  that  it 

3uld  be  found  quite  cool. 

If  the  metal  is  a  thin  platinum  capsule  and  we  remove  it 
<Dm  the  source  of  heat,  the  temperature  declines  and  when  it 
r^3«chee  a  point  when  elasticity  of  the  steam  cushion  is  not 
8*x  "fficient  to  support  the  water,  it  falls  on  the  hot  surface  and  is 
al  xnost  instantly  dissipated  as  steam. 


i 


"722.  Effect  of  the  Presence  of  Salts. — Substances  dissolved  in 
ter  tend  to  an  elevation  of  the  boiling  point,  as  follows : 


Water  pure  boils  at 

Water  saturated  with  common  salt  boils  at 
Water  saturated  with  potassium  nitrate  boils  at 
Water  saturated  with  potassium  carbonate  boils  at 
Water  saturated  with  calcium  chloride  boils  at  . 

38 


100°  C. 
1<M>°  C. 
116°  C. 
135°  C. 
179°  C. 
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Matters  merely  suspended  in  water  do  not  affect  its  boiling 
point ;  they  must  be  dissolved. 

Water  covered  with  a  layer  of  oil  may  have  its  temperature 
raised  to  120°  C.  without  entering  into  ebullition,  above  this  it 
boils  suddenly  with  almost  explosive  violence. 

The  temperature  of  vapor  escaping  from  boiling  saturated 
solutions  is  said  by  Rudberg  to  be  the  same  as  that  of  pure 
water,  but  this  is  now  doubted.  One  thing  is  certain,  that  by 
passing  steam  from  boiling  water  into  a  saturated  salt  solution, 
the  temperature  of  the  latter  is  raised  many  degrees  above  that 
of  the  former.  That  is,  steam  at  100°  C.  may  be  made  to  cause 
an  elevation  of  temperature  above  120°  C. 

If  a  liquid  be  mingled  with  one  of  a  lower  boiling  point,  the 
point  of  ebullition  is  lower ;  when  with  one  of  higher  it  is  raised. 
This,  however,  is  not  always  the  case,  sometimes  the  mixture 
boils  lower  than  either  of  its  constituents. 

723.  Application  of  Heat  in  Cooking. — The  use  of  moist  heat 
in  cooking  may  be  examined  according  to  the  object  in  view, 
viz.,  whether  to  prepare  a  soup,  or  merely  to  cook  the  de>h. 
In  the  first  case  we  desire  to  extract  from  the  meat  as  much 
of  its  soluble  constituents  as  possible.  To  accomplish  thi*  it 
should  be  exposed  to  the  action  of  water  at  a  moderate  tem- 
perature. 

An  excellent  formula  for  preparation  of  beef  tea,  which  i.* 
the  type  of  this  group,  is  the  following  by  Miss  Nightingale. 
Cut  a  pound  of  beef  into  small  pieces  the  size  of  diet?  or 
smaller,  add  a  pint  of  cold  water,  and  place  in  a  saucepan  on 
the  lire.  Bring  to  the  boiling-point,  and  add  a  little  salt  skim 
off  any  scum  that  rises.  Simmer  gently  for  one-half  to  three- 
fourths  of  an  hour,  removing  any  scum  that  appears.  Strain 
through  a  hair  sieve,  and  set  aside  to  coo).  Remove  the  solidified 
fat  when  cold,  and  serve  hot,  warming  portions  in  a  cup  a*  re- 
quired. 

Another  recipe  is  to  place  a  pound  of  very  finely  minced  lean 
meat  in  a  bottle  with  a  pint  of  water.  Set  the  bottle  in  a  kettle 
of  hot  water  and  let  it  simmer  on  the  fire  for  an  hour  or  so. 
adding  a  little  salt.  It  is  then  passed  through  a  sieve  and  treated 
as  before. 

When  meat  is  boiled  merely  as  an  act  of  cooking,  the  folh>w# 
ing  method  is  employed.  The  object  is  to  retain  the  savory  and 
nutritious  juices  as  far  as  possible.  It  is,  therefore,  heated  quic^J 
on  the  outside  by  plunging  it  into  boiling  hot  water,  the  ebuflj" 
tion  ceases,  when  it  recommences  the  pot  is  moved  to  one  ?l(*e 
to  simmer.  The  albuminous  substances  on  the  exterior  of  *»e 
mass  are  thus  coagulated,  and  escape  of  juices  prevented,  wb1** 
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the  application  of  moderate  heat  cooks  the  meat,  without  making 
it  hard  and  indigestible. 

In  boiling  eggs  great  care  should  be  taken  to  have  them  as 
digestible  as  possible,  where  served  to  a  convalescent.  The 
proper  way  is  to  plunge  them  into  a  vessel  of  boiling  hot  water, 
but  which  is  not  boiling — that  is,  it  should  be  removed  from 
the  tire.  Albumen  coagulates  at  180°  F.  or  thereabouts.  What 
is  desired  is  to  coagulate  without  hardening.  If  they  are  boiled, 
the  albumen  becomes  porcelaneous  and  hard.  If  water  is 
treated  in  the  manner  indicated  the  eggs  cool  it  at  once,  and 
the  cooking  is  accomplished  by  a  temperature  not  much  above 
180°  F.  Cooked  in  this  manner  they  are  simply  coagulated, 
the  albumen  is  in  a  flocculent  condition  ;  not  hardened  and 
porcelaneous,  and  very  digestible. 
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CONDUCTION  AND  CONVECTION. 

Metals  the  best  conductors — Different  metals  conduct  differently — Action  of  gauzes 
on  flames — The  Davy  lamp — Gas  furnaces — Structure  of  flame — Blowpipe 
flames — Conduction  by  textile  fabrics  Liquids  are  poor  conductors — Appli- 
cation in  kerosene  furnace — Convection  of  heat — Isothermal  lines — Island 
and  continental  climate — Non-conduction  of  dew — Gases  the  worst  conductors. 

724.  Metals  the  Best  Conductors. — Take  the  apparatus  known 
as  the  Ingenhaus's  trough,  consisting  of  a  metallic  box  some 
three  inches  square  on  the  end,  and  about  eight  inches  long. 
From  the  front  there  project  rods  about  one-eighth  of  an  inch 
in  diameter  and  three  in  length,  made  of  different  materials — 
wood,  porcelain,  glass,  metals.  Pour  melted  wax  on  these,  and 
when  cool  fill  the  box  with  boiling  water.  The  wax  soon  begins 
to  melt,  and  the  distance  to  which  fusion  extends  is  the  measure 
of  conducting  power,  providing  the  specific  heats  are  about  the 
same. 

Another  method  is  to  attach  shot  to  the  bar  by  wax.  As 
heat  passes  they  drop  one  after  another.  By  both  arrangements 
it  is  found  that  metals  conduct  heat  the  best,  porcelain  and 
wood  being  far  behind. 

A  simpler  contrivance  for  exhibiting  the  same  result  consists 
in  taking  a  rod  of  metal  about  one  inch  in  diameter  and  six  long, 


and  another  of  wood  the  same  size.  Grip  a  sheet  of  paper  once 
around  the  former  and  hold  it  in  the  iiaine  of  a  spirit  lamp.  It 
may  be  held  therein  for  some  time  without  being  scorched. 
Then  grip  it  around  the  latter.  It  ie  scorched  almost  at  once. 
In  the  first  instance  the  metal  conducted  the  heat  away  from 
the  paper  quickly,  and  prevented  its  temperature  rising;  in  the 
second  the  wood  could  not  remove  the  heat  by  conduction,  con- 
sequently the  paper  was  scorched. 

725.  Different  Metals  Conduct  Differently. — Take  a  wire  of  cop- 
per, A,  one  of  brass,  B,one  of  iron,  C,  of  the  same  diameter  and 
about  twenty  inches  in  length.  On  the 
end  of  each  make  close  lint  spirals  of 
equal  size.  At  a  distance  of  four  inches 
from  this  twine  the  wires  together  in- 
timately, making  a  ball,  D.  Attach  the 
apparatus  to  the  ring  of  a  retort  stand. 
On  each  spiral  place  a  small  piece  of 
phosphorus.  Uuder  the  ball  of  twisted 
wire  put  the  flame  of  a  Bunsen  burner, 
or  a  large  spirit  flame,  E.  The  air  must 
be  as  free  from  motion  as  possible. 
After  a  time  the  heat  will  have  passed 
along  the  copper  wire  and  its  phos- 
phorus will  be  ignited.  In  twice  this 
period  or  longer  that  on  the  brass  wire 
will  catch  tire.  That  on  the  iron  will  require  a  long  period  for 
its  ignition,  or  may  not  ignite  at  all.  Metals,  therefore,  eon- 
duct  heat  with  very  different  rates. 

Wiedemann  and  Franz  employed  a  small  thermo-electric  pair 
for  measurement  of  the  rate  of  conduction.  Representing  that 
of  silver  as  100,  the  figures  for  other  ordinary  metals  are 
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Steel   .  11.0 

Lend   ....  8.6 

Ptmintim    .  H  -I 

Rows'!  Ulloy  2.4 


726.  Action  of  Gauzes  on  Flames. — If  a  fine  wire  gauze,  B,  Kia. 
314,  with  meshes  one-twentieth  of  an  inch  square,  be  lowered  into 
gas  flame,  A,  it  completely  obstructs  its  passage.  This  n  - 
owing  to  the  conducting  power  of  the  gauze,  which  convevs 
from  the  flame  so  much  heat  that  it  loses  its  visibility.  Com- 
bustible matter,  however,  passes,  for  it  can  be  set  on  fire  as  at  C. 

Place  a  piece  of  camphor  on  the  gauze  and  apply  a  flame 
below  it.  Its  heavy  vapor  sinks  through  the  gauze  and  takes  fire 
beneath,  hut  it  does  not  ignite  on  the  upper  surface. 
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By  means  of  this  property  we  are  enabled  to  study  the  char- 
acter of  flames.  Looking  down  into  one  thus  obstructed  we 
find  that  it  consists  of  a  luminous  ring,  the  interior  being 
perfectly  dark — that  is,  it  does  not  show  any  combustion  action. 


727.  The  Davy  Lamp. — This  property  of  gauzes  to  prevent 
passage  of  flame  is  utilized  in  the  Davy.  It  consists  of  a  flume 
surrounded    by  gauze  in   the  original    and 

by  glass,  A,  in  Clunny's  modification;  above  Fio.  aifl. 

this,  all  direct  free  contact  with  air  is  cut  ofl 

by  a  cylinder  made  of  copper  gauze,  B.    A 

lamp  of  this  description  can  be  lowered  into 

ajar  filled  with  illuminating  gas  without  set- 
ting it  on  fire — indeed,  the  flame  is  extin- 
fuished.  In  a  mixture  of  air  and  earhuretted 
ydrogen,  though  there    may    be  irregular 

combustion  inside  the  lamp,  the  explosive 

atmosphere   on   the   outside   is    not    ignited. 

Therefore,  it  is  called  the  safety  lamp. 
Where   explosions   have    occurred   though 

the  Davy  lamp  was  in  use,  they  have  generally 

arisen  by  the  flame  being  driven  against  the 

gauze  by  a  blower  or  strong  outward  current 

of  gas  from  a  fissure  in  the  walls  of  the  mine. 

They  have  alBo  repeatedly  happened  by  direct 

exposure  of  the  flame.     In  one  case  a  work-         r>" '*"* t™i" 

rnaii  had  struck  the  gauze  cylinder  against  a 

lail   to  hang  up  the  lamp,  when  it  was  removed  the  exterior 

atmosphere  gained  access  through  the  opening  and  an  explosion 

'esiilted. 

728.  Ou  Furnaces. — These  consist  of  a  chamber  in  which 
lluminating   gas  is  mingled  with  air.     The  mixture  is  then 
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passed  through  a  wire  gauze  and  ignited  on  the  opposite  side. 
by  this  device  a  non-luminous  flame  is  produced  useful  for 
a  great  number  of  purposes  in  the  arts.  It  is  also  commonly 
employed  as  a  source  of  heat  in  domestic  economy. 

729.  Structure  of  Flame. — In   connection  with  the  action  of 

fauzes  on  flame  a  word  is  to  be  said  regarding  its  structure, 
'he  interior  is  hollow,  as  we  have  learned ;  it  is  also  cold,  for  if 
we  immerse  a  piece  of  paper  edgewise  vertically  into  it,  we  find 
that  the  luminous  ring  has  scorched  its  edge,  leaving  two  burnt 
places  with  an  untouched  portion  between  them  which  repre- 
sents the  ceutral  portion  of  the  flame. 

The  same  fact  may  be  shown  by  pouring  ether  on  water  in 
a  capsule  some  two  inches  in  diameter.  Ignite  it,  it  gives  ft 
voluminous  flame.  Then  with  a  metallic  support  introduce  ft 
piece  of  phosphorus,  as  it  passes  the  luminous  ring  it  catches 
tire,  but  the  blaze  is  extinguished  the  moment  it  reaches  the 
iuterior.  Withdraw  it  and  it  is  ignited,  reintroduce  it  and  it  U 
extinguished.  The  experiment  may  be  repeated  many  times. 
Hence,  the  centre  is  cold,  combustion  going  on  only  in  the 
bright  ring  which  surrounds  it. 

730.  Blowpipe  Flames. — Wheu  by  means  of  a  blowpipe,  B.  air 
is  forced  into  u  flame,  A,  its  whole  character  is  changed.    A? it 

is  driven  on  one  side  we  notice 
a  sharp  interior  blue  cone,  AR» 
just  beyond  or  at  the  tip  of  this, 
R,  is  the  hottest  part.  Within 
it — that  is,  toward  the  point  of 
the  blowpipe — there  is  a  redac- 
tion effect  from  the  excels  of 
carbon  present.  Beyond  it  »l 
O,  there  is  oxidation  from  cv 
Biowpti*  flam*.  cess  of  hot  oxygen.     By  prol** 

use  of  its  different  parts  and  *"e 
employment  of  suitable  fluxes,  an  analyst  is  enabled  to  disco*"** 
the  great  majority  of  ordinary  elementary  bodies.    Indeed,  bU">*" 
pipe  analysis,  as  it  is  called,  constitutes  a  special  and  very  cc*^ 
plete  system  for  qualitative  examination  of  all  kinds  of  mine*** 
substances. 


731.  Conduction  by  Textile  Fabrics. — As   a   rule,  these  fib 
conduct  better  along  their  length  than  across  it.     There  is  a^ 
great   difference   according  as   the  character  of  fibres  vari 
Rumford  made  a  series  of  experiments  with  linen,  cotton,  w 
and  silk  to  determine  their  relative  conducting  power.     F 
this  purpose  he  took  a  flask,  and  having  provided  a  good  th 
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r*"»  Ometer  its  bulb  was  adjusted  to  lie  in  the  middle  of  that  of 
^'i^-flii^k.  The  space  between  the  thermometer  bulb  and  the 
'v^~  ^»J1  was  then  loosely  filled  with  the  articles  in  succession.  The 
^  '  *  »  le  raqnired  for  the  temperature  to  rise  through  a  given  nura- 
■-X^  r  of  degrees  when  the  flask  was  immersed  in  boiling  water 
x,^-~  s.*.s  noted.  This  became  for  each  substance  the  index  of  its 
^^onducting  power.  He  found  that  linen  was  the  best  conductor, 
*"**ixt  cotton,  wool,  silk,  eider-down,  and  then  the  under  fur  of 
^lit1  bare. 

In    these  experiments  it  was  also  determined  that  closeness 

^*-Tid  looseness  of  package  had  an  important  effect.     The  tighter, 

tVit*    better   the  conducting  power.     In    our   domestic   arts  we 

~*iiid  numerous  illustrations  of  this.     Blankets,  for  example,  are 

~*nuch  warmer — that  is,  are  worse  conductors — the  more  loosely 

they  are  woven. 

732-  Liquids  are  Poor  Conductors. — Take  a  Sanetorio's  or  deli- 
cate air  thermometer,  A.  Pass  its  stem  through  that  of  a  funnel, 
IS,  with  its  bulb  enclosed  in  the  body  of  the  latter. 
Make  the  space  between  the  tube  of  the  thermo- 
meter and  the  stem  of  the  funnel  water-tight  with 
wax.  Then  till  the  latter  with  water,  covering 
the  bulb  by  a  layer  one-eighth  of  an  inch  thick. 
The  diameter  of  the  mouth  of  the  funnel  is  sup- 
posed to  be  about  four  inches.  Pour  on  the  water 
some  ether.  Ignite  it  and  a  powerful  flame,  C,  four 
inches  in  diameter,  and  twenty  or  more  in  height, 
U  produced.  Great  though  the  heat  from  this  is, 
it  has  no  effect  whatever  on  the  index  liquid  of  the 
delicate  thermometer,  though  separated  therefrom 
by  only  one  eighth  of  an  inch  of  water.  After  a 
time,  it  is  true,  a  slight  movement  may  he  noticed 
by  conduction  of  the  heat  downwards  by  the  glass. 
From  this  experiment  we  learn  that  water  is  a 
■very  poor  conductor. 

733.  Application  in  Kerosene  Furnace. — The  above 
property  of  non-conduction  of  heat  is  applied  in  kerosene  fur- 
naces. This  fluid  is  very  vaporizable,  and  the  stoves  in  which 
it  is  burned  would  easily  become  heated,  and  probably  explode, 
-were  it  not  for  the  use  of  water  to  protect  the  oil.  The  reservoir 
"is  so  arranged  that  it  can  be  covered  by  a  film  of  water  half  an 
inch  thick.  Through  this  the  tubes  bearing  the  wicks  pass. 
"The  layer  of  liquid  is,  therefore,  between  the  flames  and  the  top 
of  the  vessel  containing  the  oil.  It  completely  cuts  off'  the 
passage  of  heat,  and  may  be  used  without  risk. 


734.  Convection  of  Heat. — -Fill  a  flask  three-fourths  full  of  water, 
and  drop  into  it  a  few  pieces  of  amber.     Apply  a  flame,  B,  to 

the  bottom.  The  pieces  of  amber  rise,  pass  up 
through  the  centre  of  the  fluid  to  its  surface,  they 
then  turn  outwards  to  the  margin,  and  descend 
along  the  glass  to  the  point  of  application  of 
heat.  The  amber  merely  indicates  the  course 
which  the  currents  are  taking.  At  the  point  of 
application  of  the  flame  the  liquid  is  warmed,  it 
expands,  and  rises  through  the  surrounding  cold 
fluid  to  the  surface.  Thence  it  again  passes  down- 
wards to  take  the  place  of  warmer  portions.  Thus 
a  movement  of  rotation,  or  rather  circulation,  is 
established  in  the  flask.  Finally,  all  portions  are 
(lf  equally  warmed. 
h«t  b.v  ruimo.  In  place  of  amber,  ferroeyanide  of  copper  can  be 

employed.  It  is  prepared  by  pouring  a  few  drops 
of  strong  solution  of  sulphate  of  copper  into  the  water  in  the 
flask,  a  little  ferroeyanide  of  potassium  is  then  added,  when 
the  dark-brown  ferroeyanide  of  copper  forms.  This,  after  a 
time,  settles  to  the  bottom,  and  demonstrates  the  establishment 
of  currents  in  the  fluid  in  a  most  satisfactory  manner  when 
beat  is  applied. 

An  ingenious  illustration  of  the  manner  in  which  liquids  are 
heated,  consists  in  taking  a  large  test-tube,  filling  it  three-fourths 
full  of  water,  and  dropping  into  it  a  piece  of  ice  weighted  with 
copper  or  lead  wire.  Then  hold  it  in  an  inclined  position,  say 
forty-five  degrees.  Apply  a  flame  to  the  middle  of  the  column. 
The  liquid  above  the  point  of  application  quickly  bails,  while 
that  below  retains  its  original  temperature,  and  the  ice  is  not 
melted.  Thus  we  have  ice  at  the  bottom,  and  boiling  water  at 
the  top  of  the  tube.  The  portion  above  is  heated  by  the  currents 
established  therein,  but  these  do  not  pass  below  that  point. 

735.  Isothermal  Lines. — By  revolution  of  the  earth  all  parts 
of  its  surface  on  the  same  parallel  should  he  equally  heated. 
This,  however,  is  not  the  case,  owing  to  the  interference  of  the 
great  oceans,  in  which,  by  the  agency  of  currents,  there  is  a 
tendency  to  the  establishment  of  equality  of  temperature  in  all 
its  parts.  If,  therefore,  we  draw  on  the  globe  lines  of  equal  tem- 
perature, or  isothermal  lines,  we  rind  that  on  the  eastern  nldrt 
of  continents  they  puss  much  higher  than  on  the  western,  the 
deflection  being  mainly  due  to  oceanic  currents  of  warm  water 
which  trend  towards  the  northeast  in  the  northern  hemisphere, 
and  bathing  their  eastern  borders  with  warm  water  give  a  moist 
warm  climate  in  regions  far  to  the  north. 

Many  causes  influence  the  climate  of  a  given  region  of  the 
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rth's  surface:  1st,  latitude  or  distance  from  the  equator.  Other 
ings  equal,  the  further  north  we  go  the  cooler  it  is. 
2d,  elevation.  The  higher  we  rise  above  the  earth's  surface  the 
ooler  it  is.  In  the  following  table  the  results  of  Mr.  Glaisher's 
^rages  of  reduction  of  temperature  with  increase  of  elevation 
r  Great  Britain  are  given. 


Height. 

Oto  1,000  feet. 
0  to  10,000  feet. 
0  to  20,000  feet. 


Clear  sky. 
1°  F.  in  139  feet 
1°  *\  in  288  feet. 
1°  F.  in  365  feet. 


Cloudy  sky. 

1°  F.  in  222  feet 
1°  F.  in  331  feet. 
1°  F.  in  468  feet. 


Sd.  Currents  in  the  air  or  winds.  According  as  prevailing  winds 
t  from  a  northern  or  southern  direction,  so  is  their  influence 
r  warmth  or  cold. 

th.    Currents  in  the  ocean.     These  we  have  already  considered. 


735  A.  Island  and  Continent  Climate. — The  range  of  variation 

temperatures  is  greatest  in  the  interior  of  a  continent,  and 

allest   on  islands  in  mid-ocean.     This   is  best  seen  in   the 

1 1  owing  tables.     In  both  cases  the  temperatures  are  given  in 

catigrade  degrees. 


Marine  climates. 

Winter. 

Summer. 

Difference 

Faroe  Islands   . 

.        3.90° 

11.00° 

7.70° 

Isle  of  Unst  (Shetland) 

.       4.05° 

11.92° 

7.87° 

Isle  of  Man 

5.59° 

15.08° 

9.49° 

Penzance 

.       7.04° 

16.83° 

8.79° 

Helston     . 

.       6.19° 
Continental  climates. 

10.00° 

9  81° 

Winter. 

.Summer. 

Difference 

St.  Petersburg  . 

—8.70° 

1.0.96° 

24.66° 

Moscow 

—10.22° 

17.55° 

27.77° 

Kaean 

--13.06° 

17.35° 

31.01° 

Slatoust    . 

_10.49° 

10.08° 

32.57° 

Irkutsk 

—  17.88° 

16.00° 

33.88° 

Jakoutfk  . 

—38.90° 

17.20° 

56.10° 

o 
At 


Non-conduction  of  Dew. — We  have  seen  how  a  thin  film 

^^vater  prevents  the  passage  of  heat  unless  currents  are  estab- 

I-  -*    *^^d  in  the  fluid.     By  virtue  of  this  non-conducting  power  thin 

^Xie  of  dew,  made  up  largely  of  minute  drops,  become  most 

1>ortant  factors  in  protecting  plants  from  sudden  change  in 

^^ther.     When  it  has  formed  on  their  leaves  and  other  tissues, 

further   loss  of  heat    is   prevented  by  its  non-conducting 

^^Wer.     It  thus  acts  as  a  guard  or  protection  against  loss  of 

c^V>ric,  and  the  plant  is  enabled  to  resist  further  decline  in  its 

^*ttperature. 
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737.  Oases  the  Worst  Conductors. — The  lack  of  conducting 
power  in  gases  is  well  known.  Double  windows,  down  in  birds, 
under  fur  in  animals,  all  act  by  entrapping  a  layer  of  air  and 
taking  advantage  of  this  power.  Loosely  woven  clothing  also 
utilizes  the  low  conducting  power  of  a  film  of  air.  Winters  in 
which  there  is  a  heavy  fall  of  snow,  by  the  protection  it  affords 
to  grain,  are  always  followed  by  an  abundant  crop,  the  snow 
having  shielded  the  ground  from  the  action  of  frosts. 

As  with  liquids,  gases  are  finally  warmed  throughout  by  th« 
establishment  of  currents.     In  illustration  of  this,  let  a  piece  <  ■>{ 
phosphorus  be  burned  in  ajar  of  oxygen,  a  complete  cireulatio  ^ 
of  gas  is  at  once  seen,  the  course  of  its  molecules  being  indicate-  A 
by  the  flakes  of  phosphoric  anhydride  floating  therein. 


CHAPTER   XXXVII. 

RADIATION  AND  TRANSMISSION. 

Radiant  heat  passes  in  straight  lines — Reflection  of  heat — Influence  of  surface  a« 
color — Emission  of  heat  not  superficial — Absorption  of  heat — Transmit  ~ 
of  heat — Theory  of  exchange*  of  heat — Formation  of  dew — Application  • 
radiant  heat  in  cookinir. 


id 

—    ..f 


738.  Radiant  Heat  Passes  in  Straight  Lines. — If  we  stand  i        n 
front  of  ii  brightly  burning  fire  we  feel  the  impression  of  hea^-wf 
upon  the  face  and  other  parts  of  the  body  exposed  to  its  actiot^*-- 
If  a  book  or  other  opaque  object  is  interposed  between  the  far  ** 
and  the  source  of  heat,  it  is  completely  cut  oft*.    Remove  it,  an*  i 
again  warmth   is  experienced.     From  this  we  learn  that  ho;*,  t 
from  a  tire  moves  in  straight  lines  like  the  radii  of  a  sphert*- 
Hence  it  is  called  radiant,  because  it  escapes  from  the  b«"i.>" 
equally  in  all  directions  as  radii.     This  effect  moreover  is  ** 
well  marked  in  vacuo  as  in  air.     Heat,  like  light,  is  the  resultant 

of  vibrations  in  the  ether. 

739.  Reflection  of  Heat. — As  with  light,  radiant  heat  may  be 
reflected  when  it  falls  on  a  polished  surface,  and  the  law  is  the 
same  as  for  light.  Two  parabolic  mirrors  set  in  proper  relation 
to  each  other,  a  cannon-ball,  or  ignited  mass,  placed  in  the  foeu* 
of  one,  a  small  piece  of  phosphorus  in  that  of  the  other.  At* 
distance  of  twenty  or  thirty  feet  the  phosphorus  is  quickly 
ignited.     The  rays  of  heat  from  the  first  mass  are  collected  by 
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mirror,  sent  forward  from  its  surface  as  parallel  rays,  which, 
ringing  on  the  face  of  the  second  mirror,  are  reflected  to  its 
us,  and  concentrated  upon  the  object  placed  there.     This  is 
)wn  as  the  Florentine  experiment, 
iubstances  possess  very  different  reflection  powers. 


Reflecting 

Koflcrting 

power. 

|iuw<*r. 

Silver  plute 

.     97. 

Polished  platinum 

80. 

Gold 

.     95. 

Steel 

.     83. 

Brass 

.     93. 

Zinc  . 

81. 

Speculum  tuoiiil 

.     86. 

Iron  .... 

mm  mm 

i  i . 

Tin   .... 

.     85. 

Surfaces  which  are  not  polished  diffuse  the  heat  they  receive 
the  same  manner  as  they  treat  light.  Each  minute  particle 
itters  it.  Yet  they  seem  to  possess  special  powers  in  this 
pect,  particularly  if  they  are  white;  for  example: 


While  lead 
Powdered  silver 
Chrotnate  of  lead 


IMfiunive 

.  8U. 
.  70. 
.     CO. 


740.  Influence  of  Surface   and   Color   on  Radiation. — Take    a 
Irical  box  with  faces  four  inches  square,  A,  and  mount  it  on  a 


Fi«    DV.l 


i,f*itr  i  <  .uu-t«  i 


tical  axis  to  allow  it  to  turn  thereon,  and  each  of  its  faces 
ught  in  succession  to  the  distance  of  ten  inches  from  the 
ckened  bulb  of  a  differential  thermometer.  Each  must  be 
in  a  different  physical  condition.  The  first  polished,  second 
•htly  roughened,  third  very  rough  and  somewhat  dark,  fourth 
•ough  and  black  as  possible  to  make  it.  Pour  into  the  box 
ling  water,  turning  the  first  face  towards  the  thermometer, 
e  its  effect  there  on  reading  oft*  the  number  of  degrees  through 


( 
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which  the  liquid  moves  in  a  given  time.  Repeat  the  experiment, 
in  order,  with  each  for  the  same  period,  pouring  in  fresh  boil- 
ing water  every  time  to  avoid  all  question  of  irregularity  of  tem- 
perature. It  will  be  found  that  the  fourth  or  rough  black  surface 
is  the  best  radiator,  that  it  raises  the  thermometer  through  a 
given  number  of  degrees  in  less  time  than  any  of  the  others. 
Next  comes  the  third  surface,  then  the  second,  then  the  first. 
The  instrument  is  known  as  Leslie's  canister. 

Color  seems,  however,  to  be  a  minor  factor  in  producing  this 
result,  for  a  whitened  surface  radiated  as  much  heat  to  a  thermo- 
pile as  a  blackened  one.  The  bulb  of  a  thermometer  coated 
with  a  white  laver  of  alum  absorbs  radiant  heat  better  than  one 
coated  with  iodine  powder,  which  is  nearly  black. 

741.  Emission  of  Heat  not  Superficial. — For  examination  of  this 
question  a  Leslie  canister,  the  surfaces  equally  polished,  is 
taken.  One  remains  in  its  normal  state,  the  others  are  varnished, 
an  increasing  number  of  coats  being  applied  to  each.  The  can- 
ister is  then  experimented  with  as  before,  when  it  is  found 
that  one,  two,  or  more  coats  add  to  the  radiation  power.  The 
improvement  continues  for  a  dozen  or  more,  when  it  remains 
stationarv  for  a  time,  and  then  begins  to  diminish.  From  this 
we  find  that  radiant  heat  is  given  oiFto  a  certain  depth  from  the 
surface  of  a  body  and  is  not  an  absolutely  superficial  action. 

742.  Absorption  of  Heat. — Bodies  whose  superficial  condition 
enables  them  to  radiate  heat  well,  also  absorb  it  well.  A  rough 
black  substance  is,  therefore,  a  good  absorber  as  well  as  radiator. 
Such  bodies  are  bad  reflectors,  while  good  reflectors  are  bad 
radiators.  An  application  of  this  is  offered  by  an  ordinary 
polished  teapot.  Its  brilliant  surface  enables  it  to  retain  the 
temperature  of  the  fluid  for  along  time,  the  higher  the  polish 
the  better  it  acts  in  this  respect. 

Of  all  substances  lampblack  is  the  best  absorber  of  heat,  its 
index  standing  higher  than  that  of  anv  other  bodv. 

743.  Transmission  of  Heat. — While  light  passes  through  all  clear 
or  transparent  bodies  with  but  slight  loss  dependent  upon  their 
color  and  degree  of  opacity,  it  is  not  so  with  radiant  heat.  A 
sheet  of  perfectly  clear  glass  is  quite  transparent  or  diathermote 
to  the  heat  emitted  from  a  red-hot  cannon-ball,  but  opaque  or 
alherwoiis  to  that  given  off  by  a  boiling  tea-kettle.  Mica,  ro** 
salt,  and  certain  other  substances  bear  the  same  relation  to  beat, 
that  glass  bears  to  light:  that  is,  they  transmit  it  with  pert*** 
facility,  whether  it  comes  from  a  body  with  a  high  or  U|W 
temperature,  though  they  may  not  in  themselves  be  perfectly 
clear  to  light.  Indeed,  a  black  mica  almost  opaque  to  fig^ 
transmits  radiant  heat  ot  low  intensity  with  great  freedom. 


74*.  Theory  of  Exchanges  of  Heat. — A  hot  substance  placed  in 
i  room  radiateB  its  heat  to  surrounding  bodies  and  these  to  it 
-.  *.  I  »o,  but  the  former  gives  tt  oft'  more  rapidly  than  the  latter. 
«t^-  *  a  consequence,  it  does  not  receive  as  much  as  it  yields.  Its 
t  «_.-  aperatore,  therefore,  declines,  and  finally  when  it  reaches  that 
•<z»*"~  the  others  it  becomes  stationary,  receiving  as  much  as  it  dis- 
jr>«  -  ■ 

The  cooling  of  asubstance  is  due  first  to  radiation  ;  Beeond,  to 
*3-<z>nduction  by  the  support  on  which  it  rests;  and  third,  to  con- 
■«^  «jaction  by  the  currents  of  air  which  bathe  its  surface  and  rise 
*: -l*  -erefrora  in  a  heated  condition. 

745.  Formation  of  Dew. — In  ancient  times  it  was  supposed  that 
«3L^-w  either  fell  from  the  heavens,  or  was  evaporated  from  the 
-«^- *«-  wtli ;  the  moon,  they  said,  exhaled  cold  and  caused  vapors  to 
»—■«.«.  We  now  know  that  it  is  simply  a  condensation  of  moisture 
*~k-omtheair.  At  sundown,  when  plants  no  longer  receive  warmth 
^»"<z»ni  the  sun,  they  continue  to  radiate  off  their  heat  into  space. 
— -^^-  :ffter  a  time  their  temperature  fulls  to  the  point  at  which 
-■-»_»  caistu re  from  the  air  will  condense.  Dew  consequently  forme 
*z*  «*  their  surfaces.  The  coating  thus  produced  acts  as  a  pro- 
lini  against  a  further  decline.  Other  things  being  equal, 
"*-*- ^position  of  moisture  takes  place  first  on  surfaces  dark  and 
*~*^*»jgh,  and  later  on  the  smooth  and  light  colored. 

The  presence  of  a  cloud,  by  radiating  heat  back  interferes 

"^■^•~»Th  this  process.     We  do  not  find  dew  deposited  on  a  cloudy 

?""*  ^ja^bt,  it  must  be   clear,  to  allow  heat  to  be  freely  radiated  oft' 

*   »  t«j  space,  and  temperature  sufficiently  reduced   to  reach  the 

-*  *^^v-point.     Anything  like  a  screen,  or  which  can  radiate  heat 

*s**_-k   to  the  plants  or  other  objects,  acts  in  the  same  manner, 

**■  *"*  *J  will  prevent  formation  of  dew  for  a  long  time. 

____^         S**or   the  theory   of  dew   we  are  indebted  to   Dr.  Wells,  of 

^^,^>Vith   Carolina.     It  has  the  merit  of  being  simple  and   com- 

**ete  and  meets  every  condition.     It  is  also  the  natural  outcome 

*"*"  *^     the  theory  of  exchanges  of  beat. 

"^46.  Application  of  Radiant  Heat  in  Cooking. — In  this  the  Bame 

r^C^J^ct  is  to  be  attained  as  in  the  application  of  a  boiling  heat. 

-_^  **«  albuminous  material  is  to  be  coagulated,  not  hardened,  and 

*  *^  juices  retained.     The  methods  are:  1st,  roasting;  2d,  broil- 

l*"*  ^T  ;   3d,  baking;  4th,  frying,  which  may  be  added  as  an  appli- 

**-*ion  Of  dry  heat. 

.         In   roastmg,  the  meat  is  spitted  (not  put  in  an  oven,  that  is 

"?**-Vcing"),  and  placed  in  an  open  tin  reflector  in  front  of  a  bright 

*"*-*e.     At  firet  it  is  placed  quite  near,  that  coagulation  of  the 

^^terior  layers  may  be  accomplished,  the  mass  being  turned  on 

*-tve  8pit  until  the  coating  is  complete,  it  is  then  removed  to  a 
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little  distance,  from  time  to  time  basted,  and  the  cooking  con- 
cluded at  a  more  moderate  temperature. 

In  broiling  the  meat  is  treated  much  in  the  same  manner  as  in 
roasting,  an  exterior  coating  of  coagulated  albumen  is.  produced 
by  a  sudden  strong  heat,  and  the  cooking  finished  at  a  lower 
degree.  A  little  salt  is  generally  dusted  on  the  coals  just  before 
the  meat  is  put  on  the  broiler,  the  object  being  to  clear  the  fire. 

The  merits  of  baked  funereal  meats  have  been  sung  by  ancient 
poets,  and  it  is  well  that  we  should  leave  their  consideration 
in  their  hands.  They  are  inferior  in  every  respect  to  those 
which  are  roasted.  The  meat  is  apt  to  be  imbued  with  the 
melted  fat  in  which  it  rests.  Such  fat-soaked  meat  is  not  as 
digestible  as  ttfat  which  is  roasted  and  from  which  the  melted 
fat  has  dropped.  The  action  of  the  gastric  juice  upon  it  is 
interfered  with,  and  it  passes  from  the  stomach  into  the  intestine 
to  be  digested  in  the  colon.  The  flavor,  moreover,  is  not  as 
pleasant  as  that  of  roasted  meat. 

In  frying,  meat  should  never  be  put  into  a  cold  or  even  cool 
pan.  It  should  be  hot  and  freshly  greased.  An  immediate 
coating  of  the  albuminoids  on  the  exterior  is  thus  accom- 
plished, the  article  should  then  be  turned  and  the  opposite 
side  coagulated  in  like  manner.  The  absorption  of  fat  is  thus 
prevented,  and  if  the  process  is  conducted  in  a  proper  manner 
it  is  a  very  wholesome  method  of  cooking  small  quantities. 
This,  however,  it  is  not  easy  to  do,  and  it  was  a  maxim  of  Na- 
poleon that  in  armies  the  frying-pan  killed  more  men  than  the 
bullet,  by  the  indigestions  and  gastric  derangements  of  which 
it  was  the  cause. 
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CHAPTER    XXXVIII. 

ANIMAL  HEAT. 

Source  of  heat  in  the  body — Cooling  process — Hot  and  cold  blooded  animals — 
Effects  of  exposure  to  cold — Distribution  of  plants  and  animals — Loss  of 
heat  by  the  body. 

747.  Source  of  Heat  in  the  Body. — The  leading  sources  of  heat 
are,  oxidations  of  carbon  and  hydrogen.  The  results  of  these 
combinations  are  carbou  dioxide  and  water.  The  former  exists 
to  a  very  small  extent  in  the  atmosphere,  while  the  latter  is 
present  in  much  larger  proportion.  If  we  can  prove  that  either 
is  greatly  increased  during  the  process  of  respiration,  we  must 
arrive  at  the  conclusion  that  the  heat  of  the  body  arises  primarily 
as  a  process  of  oxidation  of  these  substances. 

If  two  hundred  cubic  inches  of  air  be  drawn  through  lime 
water,  a  small  quantity  of  precipitated  carbonate  of  lime  forms. 
If  through  another  specimen  we  blow  two  hundred  cubic  inches 
from  the  lungs,  a  very  considerable  precipitate  of  calcium  car- 
bonate appears.  AVe  have,  therefore,  demonstrated  that  carbon 
dioxide'  is  formed  in  the  body  to  a  very  large  extent,  and  that 
it  is  exhaled  from  the  lungs.  All  processes  of  union  of  carbon 
and  oxygen  generate  heat;  we,  therefore,  find  that  the  auimal 
heat  of  our  systems  has  its  origin  in  oxidation  of  carbon. 

748.  Cooling  Process. — By  the  oxidation  of  carbon  and  hydro- 
gen contained  in  fats,  oils,  starch,  and  sugar,  an  enormous 
amount  of  heat  is  generated  in  the  system.  Some  provision 
must  be  made  for  removal  of  the  excess  over  and  above  the 
actual  wants  of  the  body.  The  means  by  which  this  is  accom- 
plished is  the  evaporation  of  water  from  the  mucous  membrane 
of  the  lungs,  and  skin. 

Water,  in  its  evaporation  carries  oft*  no  less  than  1000°  F.  of 
latent  heat  (686).  In  the  vapor  arising  from  the  body  it  is 
more  than  that.  If  to  the  1000°  of  latent  heat  we  add  212°,  the 
sensible  heat  of  steam,  we  find  that  the  actual  amount  of  heat 
in  steam  or  vapor  is  1212°.  From  this  take  the  temperature 
of  the  latter  as  it  escapes  from  the  lungs,  say  100°  F.,  and  we 
have  1112°  as  the  latent  heat  of  the  vapor  coming  from  these 
organs,  and  representing  the  cooling  effect  of  vaporization  on 
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the  system.  To  this  must  be  added  the  difference  between  the 
temperature  of  the  air  and  100°  F.,  to  obtain  the  full  effect. 

Anything  which  tends  to  increase  the  vapor  in  air  lessens 
this  action,  and  confines  the  heat  generated  to  the  system. 
Therefore,  when  air  is  loaded  with  it,  and  the  dew-point  stands 
high,  a  very  profound  effect  is  produced  upon  the  body.  Vapori- 
zation cannot  take  place  into  an  air  already  saturated  with  moist- 
ure, and  comfort  is  only  found  in  rest  as  perfect  as  possible. 

749.  Hot  and  Cold  Blooded  Animals. — Between  the  two  pro- 
cesses of  oxidation  and  evaporation  the  balance  is  struck  in  a 
healthy  body,  and  the  temperature  remains  at  a  fixed  degree. 
In  all  hot-blnoded  animals  or  those  which  possess  a  fixed  degree 
any  departure  from  this  is  fraught  with  danger.  'Therefore  it  is, 
that  the  physician  watches  that  of  his  patient  with  such  zealous 
care,  and  when  he  sees  a  tendency  for  it  either  to  rise  or  fall 
abnormally,  does  all  that  lies  in  his  power  to  combat  these  con- 
ditions. 

In  cold-blooded  animals,  on  the  contrary,  the  respiration  fune- 

■  tion  is  less  perfect.     Heat  is  not  generated  to  the  same  extent 

as  in  hot-blooded  mammals  and  birds.  Their  temperature  rises 
and  falls  with  that  of  the  medium  in  which  they  live,  whether 
water  or  air,  though  it  is  generally  a  few  degrees  higher. 

Certain  animals  sleep  throughout  the  winter  season.  During 
this  condition  of  hibernation,  as  it  is  called,  respiration  beeomM 
exceedingly  slow  compared  with  its  normal  state.  In  the  bat 
it  falls  from  200  to  30  per  minute,  and  can  hardly  be  detected. 
The  tenrecs,  though  in  a  tropical  climate,  pass  three  months  of 
the  year  in  a  torpid  state.  Hibernation  seems  to  depend  rather 
upon  a  scarcity  of  food  than  upon  climatic  conditions. 

750.  Effects  of  Exposure  to  Cold. — The  following  results  wen.- 
obtained,  in  1872,  in  an  attempt  to  determine  the  quantity  of 
heat  passing  off  from  the  surface  of  the  body,  by  finding  how 
much  it  would  elevate  the  temperature  of  u  known  mass  ■ 
water  during  a  given  period  of  time. 

The  manner  of  experimenting  was  as  follows  :  Seven  and  a 
half  cubic  feet  of  cool  water  were  drawn  into  a  hath,  and  tfac 
temperature  taken  after  careful  mixing.  The  bath  was  then 
covered  over  for  about  four-fifths  of  its  extent  to  prevent  the 
action  of  currents  of  air,  and  at  the  close  of  an  hour  it  was  again 
tested.  The  rise  of  half  a  degree  represented  the  amount  of 
heat  absorbed  from  the  air  during  one  hour,  and  was  dednoted 
as  a  normal  error  from  the  results  afterwards  obtained. 

During  the  time  occupied  in  determining  this  normal  error 
(viz.,  one  hour),  I  lay  on  a  sofa  to  bring  the  circulatory  and 
respiratory  functions  into  a  condition  simitar,  as  regards"  posi- 

-, 
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£ion  of  the  body,  to  that  to  which  they  would  be  submitted 
^vhile  in  the  bat&.     My  dress  during  this  phase  of  the  experi- 
ment   consisted   of  a  thin  flannel   summer   undershirt,   linen 
drawers,  and   cotton   socks.     At   the  completion  of  the  hour 
-f:hese  were   removed  with   as   little   exertion  as   possible  and 
I  stepped  into  the  bath,  and  lay  down,  allowing  only  the  head 
*t:o  project  above  the  surface.     At  the  close  of  an  hour  the  tem- 
jperature  of  the  bath  was  again  taken.     I  then  left  it,  and  dry- 
i  ng  myself,  reassumed  the  same  dress  and  lay  down  once  more. 
^Throughout  the  whole  of  each  experiment,  the  dew-point,  the 
-temperature  of  the  air,  that  of  the  bath,  armpit,  mouth,  and 
-fcemple  were  taken,  together  with  the  rate  of  respiration  and  the 
ulse. 
Since  in  these   experiments  two   series  of  phenomena   are 
nvestigated,  I  have  for  the  sake  of  clearness  of  description 
parated  the  results  in  accordance  therewith,  and  direct  atten- 
tion first  to  the 

Quantity  of  heat  evolved  from  the  body. 

Duriug  rest.  During  motion. 

1st  Exp*?r.  2d  Exper.  3d  Ex  per. 

July  4.  July  5.  July  1L 

Temp,  of  air 90°  F.            84°  F.  83°  F. 

Wet  bulb  thermometer    ....       78°  F.             76°  F.  74°  F. 
"Experiment  commenced  at                           11.4.3  a.m.       12.10  p.m.      11.50  a.m. 

Temp,  of  water  when  drawn    .                 .    731°  F.           73A°  F.  75°  F. 
Temp,  of  water  at  the  end  of  an  hour  on 

entering  the  bath 74°  F.             74°  F.  75J°  F. 

Temp,  of  water  at  the  close  of  an  hour  on 

leaving  the  bath 76j°  F.         76J°  F.  73°  F. 

Heat  imparted  to  the  water,  deducting 

normal  error 2°  F.               2°  F.  2°  F. 

Volume  of  water  in  the  bath 1\  cubic  feet. 

Volume  of  the  body 3    cubic  feet. 

Weight  of  the  body 180  lbs. 

Height  of  the  body 5  feet  6  J  inches. 

In  the  first  and  second  experiments  I  laid  perfectly  still ;  the 
results  therefore  show  the  quantity  of  heat  passing  off  from  the 
surface  of  the  bodv  in  a  state  of  rest.  This,  as  the  table  indi- 
cates,  could  warm  seven  and  a  half  cubic  feet  of  water  two 
degrees  in  one  hour.  The  volume  of  the  body  being  three 
cubic  feet,  it  follows  that  if  wTe  consider  its  specific  heat  as  about 
the  same  as  that  of  water  (which  it  probably  is),  enough  heat  is 
evolved  in  the  course  of  one  hour  to  warm  the  oody  itself  about 
five  degrees  of  Fahrenheit's  scale.  The  converse  of  this  may 
also  be  considered  as  true,  viz.,  that  after  death,  the  air  being 
at  73°,  enough  is  lost  in  the  course  of  the  first  hour  to  cool  the 
body  five  degrees.  It  is  therefore  a  fact  of  considerable  im- 
portance from  a  medico-legal  point  of  view,  especially  in  esti- 
mating the  time  a  body  has  been  immersed  in  water  after  recent 
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drowning  when  the  temperature  of  the  water  is  about  73°,  as 
the  Croton  and  other  streams  in  summer. 

In  the  third  experiment  one  or  other  of  the  lower  extremities 
was  alternately  kept  in  motion  during  the  last  half  of  the  hour. 
The  movement  consisted  in  extending  and  flexing  the  leg  on 
the  thigh  at  the  rate  of  fifty  per  minute,  and  being  performed 
under  the  surface  involved  considerable  muscular  exertion. 
Notwithstanding  this,  as  the  table  shows,  there  was  no  material 
increase  in  the  amount  of  heat  imparted  to  the  water.  The 
consequences  flowing  from  this  result  are  of  great  physiological 
importance,  but  we  reserve  their  consideration  until  we  nave 
completed  the  history  of  our  experiments.  We  therefore  pass 
to  the  examination  of 

The  physiological  effects  of  the  cold  bath  on  the  body. 

Experiment  of  July  4, — Rest — Temp,  of  Bath  74°  F. 


1  2 

Temp,  be-      Immed.     After  one  hour 
fore  enter-  after  enter-    in  the  l»th 
ingthe     i     ing  the     and  just  before 
bath.  bath.  1  earing  it. 


4 
Immed 
after  leav- 
ing the 
bath 


6  6 

One  hour    Two  hours 
after  leav- '  after  tear- 
ing the         ing  the 
bath.  bath. 


Temp,  of  the  mouth, 

99°  F. 

99°  F.  , 

98°  F. 

97°  F. 

1 

.    97°  F. 

•     •      •      • 

"          "       armpit, 

96°  F. 

97°  F. 

95°  F. 

92°  F. 

1    96°  F. 

•      •      •      • 

11          "       temple, 

96°  F. 

....   i 

•      •            • 

•      •      •      • 

94°  F. 

•     •      •      • 

Rate  of  respiration,  . 

20 

22          i 

16 

13 

16 

19 

Kate  of  pulse,   .... 

74 

78          ! 

1 

65 

54 

60 

72 

Note. — A  chill  or  shock  was  experienced  on  entering,  and  the 
sensation  of  coolness  remained  while  in  the  water.  Skin  was 
dry  and  hot  for  an  hour  and  a  half  after  coming  out.  Perspira- 
tion set  in  and  skin  became  cool  in  two  hours  and  a  half. 
Shortly  after  leaving  the  bath  slept  for  thirty  minutes. 

Experiment  of  July  5, — Rest — Temp,  of  Bath  74°  F. 


1  2  3 

!  Temp,  be-       Immed.     After  one  hour, 
:  fore  enter-  after  enter-     in  the  tiath 


i     ing  the 
bath. 


Temp,  of  the  month, 
"  "       armpit, 

11  "       temple, 

Rate  of  respiration,  . 

Rate  of  pulse,   .... 


99°  F. 
98°  F. 
97°  F. 
17 
78 


ing  the 
bath. 


99°  F. 
97°  F. 


!  and  juBt  before 
leaving  it.    . 


4 
Immed. 
after  leav- 
ing the 
bath. 


6 

One  hour 
after  leav- 
ing the 
bath. 


21 
66 


98°  F. 
94°  F. 
9f>°  F. 
18 
64 


97°  F. 
94°  F. 
95°  F. 
15 
55 


97°  F. 
97°  F. 
96°  F. 
16 
56 


6 

Two  htMin 
after  leav- 
ing the 
bath. 


98°  F. 
97°  F. 
96°  F. 
16 
60 


Note. — Symptoms  same  as  in  experiment  1,  but  not  as  well 
marked;  slept  thirty  minutes,  as  in  preceding. 


If  in  the  tableB  we  compare  column  1,  representing  the  con- 
dition before  entering,  with  column  4,  representing  that  imme- 
diately after  leaving,  we  tinil  that  in  both  the  exposure  for  one 
(,  nir  to  water  at  a  temperature  of  about  74°  F.  lowered  the 
temperature  of  the  mouth  two  degrees,  the  armpit  four,  and 
the  temple  two.  The  rate  of  respiration  is  also  diminished  in 
one  case  two  and  in  the  other  four  movements,  the  pulse  twenty 
beats  in  one  and  twenty-three  in  the  other.  It  is,  therefore, 
evident  that  the  effects  of  long-continued  application  of  a 
degree  of  cold,  as  that  employed,  is  to  reduce  the  temperature 
of  the  body  and  the  rate  of  respiration  slightly,  while  it  affects 
the  rate  of  pulsation  in  a  very  profound  manner. 

One  of  the  consequences  or  this  effect  of  cold  on  the  action 
of  the  heart  was  a  great  reduction  in  the  quantity  of  oxygen 
introduced  into  the  system.  The  rate  of  pulsation  being  cut 
down  nearly  one-third,  the  quantity  of  oxygen  conveyed  into  the 
interior  of  the  body  was  diminished  in  a  somewhat  similar  ratio. 
In  a  short  time  this  began  to  exert  its  iutluence  on  the  nervous 
centres,  and  there  was  an  overwhelming  disposition  to  fall  asleep, 
which  was  unconsciously  indulged  in  in  both  experiments  shortly 
after  leaving  the  bath,  notwithstanding  the  strong  desire  to  keep 
awake  in  order  to  record  the  rate  of  pulse  and  respiration  at 
given  periods. 

Another  evident  consequence  of  such  a  sluggish  movement 
of  the  blood  is  the  disposition  to  congestion  of  various  internal 
organs,  and  herein  we  may  see  a  partial  explanation  of  the 
action  of  cold  in  causing  inflammations,  especially  of  those 
organs  engaged  in  processes  of  secretion  and  excretion. 

The  discussion  of  the  results  obtained  has  thuB  far  been  con- 
fined to  the  consideration  of  columns  1  and  4.  I  have  followed 
this  course  because,  while  in  the  bath,  a  slight  access  of  water 
to  the  armpit  or  to  the  temple  causes  irregularities  in  the  ther- 
mometry indications.  In  the  respiratory  movements  it  is  also 
very  difficult  to  avoid  affecting  them  in  the  act  of  counting. 
The  month  temperatures  are,  it  is  true,  free  from  the  influence 
of  external  agents,  but  the  differences  are  too  small  to  be  per- 
fectly reliable.  In  the  pulse  determinations  none  of  these  ob- 
{ "actions  can  be  urged  ;  they  are  considerable,  and  by  counting 
lalf  a  minute  for  every  record  made,  the  error  is  reduced  to  a 
maximum  of  one  beat.  The  movements  of  the  heart  are,  in 
addition,  free  from  the  liability  to  error  that  exists  in  respiration. 
Accepting  the  pulse  determinations  as  being  accurate  and  re- 
liable indications  of  the  effects  produced,  while  in  the  bath  and 
out  of  it,  we  return  to  the  consideration  of  the  tables,  and 
compare  together  columns  1,  8,  and  4.  Recollecting  that  1 
represents  the  condition  on  entering,  and  3  that  just  before 
leaving,  after  an  immersion  of  one  hour  we  find  that  the 


t  oeiore 
he  pulse 


«12 


HEAT. 


waa  retluced  nine  beats  in  the  first  experiment,  and  fourteen 
in  the  Becond.  If  now  we  compare  3,  the  condition  just  before 
leaving,  with  4,  that  juBt  after,  we  find  that  the  rate  of  pulse 
has  diminished  eleven  beats  in  the  first  and  nine  in  the  Becond 
experiment.  The  explanation  of  this  extraordinary  reduction 
is  by  no  means  clear.  One  thing  is,  however,  very  evident, 
and  that  ia,  the  profound  effect  of  the  application  of  cold,  as 
shown  not  only  by  the  singular  phenomenon  of  which  we  have 
just  spoken,  but  ako  by  the  slowness  with  which  the  original 
ratea  of  pulsation  are  regained,  as  demonstrated  by  columns 
5  and  6. 

The  motion  experiment  of  July  11th  gave  the  same  general 
physiological  results  as  the  rest  trials  of  July  4th  and  5th. 
The  difference  being,  that  during  the  former  the  respiratory 
movements  became  30  per  minute  and  the  pulse  90,  both  re- 
gaining the  rate  represented  in  the  latter  very  soon  after  cessa- 
tion of  exercise.  Placing  this  great  increase  of  the  respiratory 
movement  in  juxtaposition  with  the  failure  of  the  exercise  to 
cause  any  perceptible  increase  in  the  temperature  of  the  bath, 
it  is  evident  that  the  contact  of  cold  water  must  put  an  almost 
absolute  atop  to  the  functione  of  the  Bkiu,  and  the  whole  duty 
of  exhalation  of  vapor  of  water  and  consequent  removal  of  heat 
is  thrown  on  the  lungs;  hence  the  increased  respiratory  action, 
and  also  the  special  tendency  of  application  of  cold  to  the  sur- 
face to  produce  inflammations  of  those  organs  by  increasing  the 
work  they  are  obliged  to  perform,  and  raising  the  pulse-respira- 
tion  ratio  to  that  actually  existing  in  pneumonia. 

In  conclusion,  it  may  be  observed  that  the  primary  and  most 
important  effect  of  the  application  of  cold  to  the  whole  surface 
of  the  body  is  to  reduce  the  action  of  the  heart.  This  reduction 
is  still  further  increased  on  removing  the  cold,  if  the  application 
haa  continued  for  a  aufficieut  length  of  time ;  and,  as  a  conse- 
quence, the  phenomenon  of  atupor  or  sleep  appears,  caused 
either  by  deficieut  oxidation  or  by  imperfect  removal  of  car- 
bonic acid.  There  is  also  a  tendency  to  congestion  of  various 
internal  organs,  especially  of  the  lungs. 

751.  Distribution  of  Plants  and  Animals. — Temperature  exerts 
an  important  control  over  the  distribution  of  plants.  The  grain 
belt,  for  example,  in  the  western  part  of  the  United  Stau- 
far  to  the  north.  Ae  a  rule,  the  distribution  follows  closely  on 
the  isothermal  lines  and  is  dependent  thereon,  though  other 
conditions,  as  water  supply,  have  a  moat  important  influence. 
On  slopes  of  mountains  in  warm  regions  every  variety  of  fruil 
is  found  in  the  range  of  a  few  miles.  This  is  said  to  be  the 
case  at  Quito,  where  tropical  fruits  may  he  cooled  with  ice 
brought  from  the  mountain-top.     Animals  are  also  distribute  " 
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on  the  earth  according  to  thermal  line9.  The  clog  and  cat  as 
companions  to  man  are  perhaps  more  generally  found  than  any 
other  creatures. 

752.  Loss  of  Heat  by  the  Body. — In  cases  in  which  life  has  been 
destroyed,  the  question  of  the  time  at  which  the  murder  was 
committed  is  often  one  of  importance.  The  temperature  of  the 
body  at  the  time  of  its  discovery  is  an  invaluable  evidence  in 
this  respect,  and  one  by  no  means  to  be  overlooked. 

Many  conditions  are  to  be  considered :  1st.  Temperature  of 
the  air  at  the  time-;  2d.  Character  of  the  surface  on  which  the 
body  has  lain  since  the  crime  was  committed;  3d.  Condition 
of  the  body  as  regards  obesity.  The  last  of  these  often  exercises 
a  wonderful  effect,  the  temperature  being  retained  for  a  very 
long  time. 


CHAPTER  XXXIX. 

VENTILATION   AND    METHODS   OF    WARMING. 

Action  of  artificial  lights — Action  of  respiration — Object  of  ventilation — Re- 
moval of  foul  air — Ventilation  of  sick  rooms — Warming  of  houses — The 
charcoal  brazier — Open  fireplaces — The  stove — Steam-pipes  in  rooms — Hot- 
air  furnaces — Steam  furnaces — Supply  of  vapor — "Weather  strips — Joule's 
mechanical  equivalent  of  heat. 

753.  Action  of  Artificial  Lights. — The  support  of  combustion 
in  candles,  lamps,  gas,  and  other  artificial  sources  of  light  im- 
plies the  removal  of  oxygen  from  the  air  of  the  apartment,  and 
the  substitution  of  carbon  dioxide  in  its  stead.  The  atmos- 
phere is  thus  vitiated  or  rendered  impure  by  a  double  action, 
the  removal  of  the  life-sustaining  oxygen,  and  the  substitution 
of  noxious  carbon  dioxide. 

If  combustion  is  from  any  cause  incomplete,  carbon  mon- 
oxide is  also  evolved,  the  action  of  which  upon  the  economy  is 
exceedingly  deleterious. 

754.  Action  of  Respiration. — The  processes  of  life  also  tend  to 
vitiation  of  the  air.  We  have  seen  that  the  animal  heat  of  the 
body  is  the  resultant  of  processes  of  oxidation  or  combustion. 
Carbon  and  hydrogen  are  actually  burned  therein.     In  their 
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combustion  we  have  shown  that  carbon  dioxide  or  carbonic  acid 
gas  and  water  are  produced.  This  action  takes  place  through- 
out the  system.  Every  cell  in  the  course  of  its  life  is  a  consumer 
of  oxygen  and  a  tinal  exhaler  of  carbonic  acid.  Air,  therefore, 
in  this  case  also  suffers  a  double  vitiation,  removal  of  wholesome 
oxygen  and  evolution  of  toxic  carbonic  acid  gas. 

Besides  carbonic  acid,  other  deleterious  bodies  are  evolved. 
Ammonia  in  small  quantity  is  a  normal  constituent  of  the  air  of 
expiration.  Sulphuretted  hydrogen  also  in  minute  quantity  is 
given  off  both  by  skin  and  lungs.  In  addition,  certain  organic 
constituents  are  exhaled  which  are  exceedingly  deleterious. 
Their  presence  may  be  proven  by  breathing  through  colorless 
strong  sulphuric  acid,  after  a  while  it  is  darkened  by  action 
of  the  acid  upon  the  bodies  in  question,  their  carbon  being 
separated. 

756.  Object  of  Ventilation. — To  maintain  the  air  of  an  apart- 
ment in  which  people  are  living  in  a  proper  state,  so  that  foul 
ingredients  are  removed  and  a  copious  supply  of  fresh  invigorat- 
ing air  introduced,  is  the  object  of  all  processes  of  ventilation. 

Ab  a  rule,  it  is  accomplished  by  taking  advantage  of  the 
fact  that  air  when  heated  expands,  and  thus  gains  ascensional 
power.  That  from  an  illuminating  flame  has  a  temperature 
far  above  2000°  F.,  consequently  though  carbonic  acid,  which 
is  the  chief  product  of  the  combustion,  is  heavier  than  air, 
in  the  case  in  questiou  it  is  expanded  four  times  its  original 
volume  at  the  moment  of  formation,  and,  therefore,  1ms  lliciqI 
ascensional  power.  It  rapidly  accumulates  In  the  upper  pint  of 
the  room,  as  we  can  easily  satisfy  ourselves  by  placing  a  chair 
on  a  table,  and  mounting  thereon  take  a  few  inhalations  of  the 
air  in  that  region.  Little  by  little  carbonic  acid  by  slow  diffu- 
sion passes  downwards,  and  thus  at  last  is  equally  and  slowly 
disseminated  throughout  the  apartment. 

In  products  of  expiration,  it  is  true,  the  temperature  nun  m>i 
be  above  100°  F.,  but  the  carbonic  acid  it  contains  is  mingled 
with  a  very  large  proportion  of  air.  In  fact,  it  constitutes  only 
three  or  four  per  cent,  of  the  mixture.  When  cast  out  from 
the  body  the  whole  volume  having  a  higher  temperature  than 
that  of  the  surrounding  atmosphere  rises,  and  in  like  manner 
tends  to  accumulate  in  the  upper  part  of  the  room. 

756.  Removal  of  Foul  Air. — The  vitiated  air  being  in  the  upper 
part  of  the  apartment,  it  is  evident  that  there  is  the  proper  place 
for  an  opening  to  allow  its  exit.  Here,  then,  it  should  he  ar- 
ranged, but  that  is  not  sufficient,  a  circulation  must  be  estab- 
lished. To  this  end  an  aperture  near  the  floor  must  be  provided 
through  which  fresh  air  from  the  outside  may  enter  and  thus 
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allow  exit  of  the  foul  air  to  continue.  In  this  way  a  current  is 
established.  Close  either  lower  or  upper  opening,  and  at  once 
the  movement  ceases. 

In  ordinary  houses  flues  are  built  to  serve  as  the  means  of 
«xit  for  foul  air.  As  a  rule,  these  are  placed  in  the  outside 
avails  where,  being  in  contact  with  the  outer  air,  they  are  cold. 
Hieing  cold,  the  current,  such  as  it  is,  is  downwards  iustead  of 
xipwards.  Hold  a  piece  of  lighted  paper  opposite  the  register 
or  opening  of  such  a  flue,  and  in  place  of  the  flame  being 
olrawn  into  it,  it  is  driven  outwards  into  the  room.  To  avoid 
"this  reverse  action,  as  it  might  be  called,  all  flues  intended  for 
conveyance  of  foul  air  from  an  apartment  should  be  placed  in 
t:he  chimney-stack  where  a  fire  is  burning.  By  their  vicinity  to 
"t:  he  smoke  flue  they  will  be  heated,  and  containing  warm  air  an 
pward  movement  will  always  take  place  when  air  is  admitted 
their  base — that  is,  when  they  open  into  a  room. 
In  this  case,  as  in  the  preceding,  entrance  for  fresh  air  must 
provided.  This  is  generally  offered  by  the  hot-air  flue  which 
communicates  with  the  furnace. 

757.  Ventilation  of  Sick  Rooms. — The  provision  of  an  ample 
Supply  of  fresh  air  for  a  sick  room  is  an  essential  condition  to 
Recovery  of  the  patient.  Yet  it  is  not  easy  of  accomplishment, 
Unless  at  the  same  time  we  make  a  draught,  which  by  suddenly 
ohilling  an  exposed  part  of  the  body  may  produce  serious  con- 
sequences. 

when  there  are  no  flues  the  windows  of  au  apartment  offer 
t.l\e  best  means.  If  these  are  of  the  old-fashioned  kind,  which 
slide  up  and  down,  it  is  a  very  simple  matter,  a  small  opening 
at  the  top  and  another  at  the  bottom  answers.  The  bed  must 
l>e  placed  so  that  no  draught  falls  upon  it,  and  a  curtain  or 
screen  always  put  in  position  to  shield  it  completely  from 
any  that  may  be  established.  Where  the  window  swings  upon 
iiinges  like  a  door,  the  action  is  not  as  satisfactory,  but  a  slight 
opening  will  generally  answer.  It  should  be  strongly  secured  in 
position  to  prevent  change  during  the  night.  By  judicious  use 
of  screens  the  bed  may  be  protected. 

Where  there  are  a  number  of  windows  to  the  room,  in  no  case 

stould  those  on  opposite  sides  of  the  bed  be  opened,  draughts 

would  then  be  certainly  established.      One  window  opened  in 

tVie  manner  stated  will  give  all  the  ventilation   required,  and 

rarely  do  injury. 

Buildings  ventilated  by  mechanical  contrivances,  as  fans, 
wheels,  etc.,  are  not  uncommon.  When  these  exist,  their  man- 
agement is  self-evident. 

758.  Warming  of  Houses. — In  cold   regions   some   means   of 
securing  artificial  warmth  is  absolutely  necessary.     If  with  this 
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we  can  provide  thorough  ventilation,  the  best  conditions  for 
maintenance  of  life  are  secured.  In  various  countries  different 
means  have  been  resorted  to.  Where  fuel  is  dear  it  becomes 
an  important  object  to  husband  it  and  produce  the  largest 
amount  of  heat  from  consumption  of  the  smallest  quantity. 
Where,  on  the  contrary,  it  is  abundant  and  cheap  a  greater 
degree  of  extravagance  is  allowed. 

Six  methods  are  resorted  to:  1st.  Charcoal  braziers;  2d. 
Open  fireplaces^  3d.  Stoves;  4th.  Steam-pipes  in  rooms;  5th. 
Ordinary  hot-air  furnaces;  6th.  Steam  and  hot-water  furnace?. 
Each  of  these  we  shall  consider  in  its  order. 

759.  The  Charcoal  Brazier. — Throughout  the  south  of  Europe, 
where  fuel  is  scarce,  the  brazier  is  universally  employed  by  the 
poor.  In  the  open  air  it  is  not  objectionable,  but  in  a  room  it  is 
about  the  worst  form  in  which  heat  could  be  obtained.  It  con- 
sists of  a  mere  pan  or  pot  in  which  a  few  embers  are  placed 
and  partly  covered  with  ashes.  The  supply  of  air  is  insufficient, 
and  a  leading  product  of  the  combustion  is  carbon  monoxide, 
which  is  more  poisonous  than  carbon  dioxide,  since  it  causes  a 
permanent  change  in  the  blood  discs  and  destroys  their  power 
to  absorb  oxygen.  All  the  gases  from  the  fire  escape  into  the 
rpom,  and  a  more  dangerous  method  of  obtaining  heat  could 
hardly  be  devised.  Indeed,  when  these  people  desire  to  commit 
suicide  the  favorite  method  is  to  shut  themselves  up  with  a 
brazier  in  operation,  and  carefully  close  all  cracks  and  crevices. 
A  few  minutes  inhalation  of  the  gas  suffices  to  destroy  life. 

760.  Open  Fireplaces. — In  England  the  favorite  method  is  by 
the  open  fireplace.     This  is  an  exceedingly  cheery  way  of  ob- 
taining heat,  since  the  appearance  of  a  brightly  burning  fire  w 
enlivening  and  stimulating.     There  are,  however,  many  objec- 
tions to  its  use,  as  well  as  certain  advantages. 

1st.  It  is  very  extravagant,  as  most  of  "the  heat  goes  up  *y 
chimney.  The  apartment  and  the  articles  it  contains  can  on»J 
receive  heat  in  the  radiant  form  from  the  hot  coal  of  the  fi^v 

2d.  There  is  no  direct  contamination  of  the  air,  since  all  *■*' 
products  of  combustion  pass  up  the  chimney,  which  is  * 
advantage. 

:3d.  The  air  of  the  room  is  not  scorched — that  is,  the  mir»uf 
floating  particles  are  not  charred  and  rendered  irritating  to  ** 
respiratory  mucous  membrane,  as  with  stoves  and  furnaces. 

4th.  The  ventilation  is  moderately  good.     Of  course,  i* 
limited  on  the  side  of  the  chimney  by  the  height  of  the  thr*^ 
of  the  ti replace.     From  this  it  extends  somewhat  upwards.^  - 
fresh  air  is  drawn  from  the  windows,  the  lower  edge  of  the  *i 
being  generallv  about  the  same  level  as  the  chimnev  throat. 
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5th.  The  draughts  are  bad.  All  air  required  for  combus- 
tion is  drawn  in  through  the  crannies  and  crevices  about  the 
room.  If  we  come  in  contact  with  such  tine  currents  of  cold 
air,  they  are  not  only  disagreeable  but  positively  dangerous. 
Alore  severe  colds  are  caught  by  standing  at  a  window  for  a 
short  time  exposed  to  these  knife-like  draughts  than  by  direct 
exposure  to  severe  cold  outside. 

Lastly,  though  the  open  fire  is  cheery  and  pleasant,  in  very 
cold  weather  it  is  impossible  to  warm  one's  self  in  a  satisfactory 
raanner.  One  is  like  a  joint  on  a  spit,  the  side  towards  the  fire 
is  too  hot  and  that  away  from  it  too  cold  for  comfort.  Like  the 
joint,  one  must  be  in  continuous  revolution  to  warm  all  parts 
equally. 

761.  The  Stove  possesses  the  great  advantage  of  being  the 
tttost  economical  of  all  methods.     Not  only  is  a  larger  portion 
of  heat  from  combustion  utilized  from  the  stove  itself,  but  by 
Oceans  of  a  long  pipe  a  large  percentage  is  secured  as  the  pro- 
ducts pass  towards  the  chimney.     Regarding  other  points : 

1st.  Direct  contamination  is  moderate.  The  carbon  mon- 
oxide from  the  fire,  though  it  does  not  pass  through  cold  iron 
Under  the  severest  pressures,  passes  through  readily  when  it 
is  red-hot.  Tests  applied  to  the  outside  of  a  red-hot  stove  easily 
detect  the  presence  of  carbon  monoxide  and  dioxide.  The  only 
way  to  avoid  their  filtration  through  the  metal  is  to  line  the 
stove  either  with  fire-brick  or  steatite.  Direct  contact  is  thus 
out  off,  temperature  does  not  rise  so  high,  and  passage  of  noxious 
g^tees  is  prevented.  At  the  same  time,  of  course,  a  very  con- 
siderable portion  of  heat  is  lost. 

2d.  As  air  comes  in  contact  with  the  red  hot  surface  the  mi- 
ute  particles  of  floating  organic  matter  it  contains  are  scorched. 
first  this  seems  a  matter  hardly  worth  consideration,  but 
"hen  we  note  how  numerous  these  are  in  the  track  of  a  sun- 
as  it  crosses  a  room,  we  are  better  prepared  to  understand 
ow  serious  the  objection  is. 
3d.  If  ventilation  is  not  perfect  with  the  open  fireplace,  it 
certainly  is  much  worse  with  a  stove.    In  the  latter  the  opening 
~for  the  entrance  of  air  to  feed  the  fire  is  close  to  the  floor.    Ven- 
tilation, therefore,  is  only  in  the  lowermost  parts  of  the  room. 
In  the  upper  parts,  and  especially  near  the  ceiling,  it  is  very  bad. 
4th.  The  draughts  are,  as  with  the  open  fire,  a  serious  objec- 
tion.    Like  that,  the  stove  is  fed  with  air  entirely  from  the 
apartment.     It  is  true,  it  does  not  consume  as  much,  and  to  this 
extent  is  less  dangerous. 

A  device  called  the  ventilating  stove  is  used  in  England.  It  is 
constructed  in  a  manner  to  take  foul  air  from  the  apartment  for 
the  maintenance  of  its  combustion,  and  draw  a  fresh   supply 
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from  the  outside,  warm  it,  and  introduce  it  into  the  room.  In 
France  they  are  known  as  Caloriferes. 

762.  Steam-pipes  in  Rooms. — This  method  will  answer  very  well 
in  immense  stores  and  shops  where  doors  which  extend  from 
ceiling  to  floor  are  continually  being  opened  and  shut  In  i 
living  apartment,  or  in  a  hospital  ward,  it  is  very  objectionable. 

1st  While  there  may  be  no  direct  contamination,  the  indirect, 
from  failure  to  remove  the  respiratory  products,  is  serious. 

2d.  The  air  is  not  scorched  or  burned,  as  the  floating  par- 
ticles are  not  heated  above  220  or  225°  F. 

3d.  The  ventilation  is  absolutely  nil.  The  same  air  is  warmed 
or  breathed  over  and  over  again,  and  even  in  hospital  wards, 
where  large  openings  for  admission  of  fresh  supplies  are  pro- 
vided, patients  whose  beds  are  near  these  invariably  stuff  them 
with  old  clothing  and  other  articles  at  night,  to  stop  the  draughts. 

763.  Hot-air  Furnaces  are  practically  stoves  placed  in  air 
chambers,  in  which  air  drawn  from  the  outside  of  the  building 
is  heated  and  delivered  to  the  rooms  of  the  house.  The  hot-air 
furnace  being  a  stove,  is  subject  to  many  of  the  disadvantage 
which  beset  that  apparatus. 

1st.  The  direct  contamination  from  foul  gas  passing  through 
the  heated  iron  is  serious.  Hence,  the  odor  often  remarked  a* 
attending  their  use. 

2d.  The  air  is  scorched  as  with  the  stove. 

3d.  Ventilation  is  excellent.    Volumes  of  cold  fresh  air  a** 
drawn  from  the  exterior  of  the  building  and  forced  into  tb* 
rooms  or  wards.    In  place  of  there  being  an  exhaustion  of  tb* 
interior  of  these,  as  with  the  open  tire  and  stove,  there  is  a  er>w* 
densation  action.     Air  is  delivered  in  immense  quantities.    I  w* 
stead  of  there   being  incoming  currents  through  the  cranui** 
and  crevices,  they  are  in  the  opposite  direction.     They  all  &** 
outwards,  consequently  there  are  no  draughts. 

764.  Steam  Furnaces. — These  and  the  hot-water  arrangeme*  ^j 
avoid  all  the  objections  to  the  hot-air  furnace.  The  air,  inste^*1 
of  being  heated  in  the  chamber  bv  a  stove,  is  warmed  bv  ac*^*» 
of  pipes  through  which  either  steam  or  hot  water  is  passing.  _ 

There  can  of  course  be  no  contamination,  either  direct  or*  ■*" 
direct,  since  there  is  no  communication  between  the  interior  *>« 
the  pipes  and  the  air  chamber.  The  air  is  not  scorched^  ^r 
burned,  for  the  temperature  does  not  rise  high  enough.  V^** 
tilation  is  as  good  as  with  the  furnace,  and  there  are  no  draugk*8. 
It  is  of  all  methods  the  best  and  at  the  same  time  the  most  ^*" 
pensive.  Considering  the  great  advantage  of  economy  wk**Vi 
the  stove  presents,  it  will  doubtless  for  the  majority  of  people  bc 
its  ground  against  all  other  contrivances  whatever  their  nat**  *"*' 
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T65  Supply  of  Vapor. — In  all  the  methods  we  have  considered 
■e  should  be  taken  to  provide  a  free  supply  of  water  for  evapo- 
ion  into  the  air  of  the  apartment.    In  the 
en  fire,  a  box  A,  may  be  readily  fitted  over  Fl°-  82°- 

s  arch  of  the  grate  just  under  the  mantle 
;lf.  From  thiB  a  pipe,  B,  shaped  like  an 
rertod  capital  T,  may  pass  down  close  to  the 
e,  C,  and  receive  heat  sufficient  to  keep  the 
iter  in  the  reservoir  continually  boiling.  On 
e  stove,  a  well-filled  vessel  of  water  should 
wye  be  kept,  from  which  free  vaporization 
q  take  place.  In  the  furnace  the  pans  in  viFP™or. 
a  air  chamber  must  be  well  charged,  and 
addition  vessels  of  water  at  the  registers  should  be  used, 
lere  rooms  are  occupied  by  patients  or  convalescents.  With 
*m  contrivances,  the  remedy  is  very  simple,  it  is  merely  to 
ow  the  escape  of  a  little  steam,  either  continuously  or  as 
[uired. 

'M  A.  Weather  Strips. — In  furnace-heated  bouses  great  econ- 
y  is  obtained  by  application  of  weather  strips  to  the  win- 
vs  and  outer  doors.  These  consist  of  slips  of  metal,  which 
brace  a  narrow  band  of  rubber.  They  are  nailed  on  all  sides 
he  window,  the  rubber  making  a  tight  joint  against  the  Bash, 
l>itter  cold  winter  weather,  when  a  high  wind  fairly  blows  the 
ted  air  out  of  our  houses,  these  contrivances  prevent  this 
on  to  such  an  extent  that  rooms  otherwise  uninhabitable  be- 
te warm  and  comfortable. 

86.  Jonle's  Mechanical  Equivalent  of  Heat. — From  time  to 
e  we  have  had  occasion  to  speak  of  the  conversion  of  work 
i  heat,  and  vice  versa,  of  heat  into  work.  The  best  deter  mi  na- 
i  we  have  of  the  reciprocal  value  of  these  two  forms  of  energy 
iftt  given  by  Joule.  He  constructed  a  fan  which  revolved  on 
trtical  axis  in  a  box  tilled  with  water.  The  paddles  on  the 
moved  between  stationary  ones  attached  to  the  sides  of  the 
,  the  purpose  of  which  was  to  prevent,  us  fur  as  possible, 
movement  of  the  water;  the  axis  of  the  bin  was  then  caused 
otate  by  a  thread  wound  around  it  and  passed  over  a  wheel 
ch  ran  on  friction  rollers  to  a  weight.  The  descent  of  this 
resented  the  energy  applied,  the  rise  in  the  temperature  of 
water  the  heat  developed  thereby.  The  necessary  correc- 
ts being  made,  it  was  found  that  the  heat  communicated  to 
water  by  the  agitation  amounted  to  one  pound-degree  Fah- 
heit  for  every  772  foot-pounds  of  work  spent  in  producing  it. 
'he  mechanical  equivalent  for  the  Centigrade  system  is  1390. 
i  numbers  772  or  1390,  according  to  the  scale  adopted,  are 
iwn  as  Joule's  equivalents,  and  are  represented  by  the  letter  J. 
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Firsl  observation  in  friction  electricity — Extended  to  other  bodiet — Condurttn 
discovered — Du  Fay 6*9  theory — Franklin's  theory — Electric  laws— Pyro- 
electricity — Electricity  by  pressure  and  cleavage. 

767.  First  Observation  in  Friction  Electricity. — About  the  sixth 
century  before  Christ,  Thales,  of  Miletus,  records  the  observa- 
tion, that  amber  wheu  rubbed  attracts  light  bodies  in  its  vicinity. 
Hence  the  name,  electricity,  from  fiem-pm;  signifying  amber. 
According  to  the  philosophy  of  that  time,  this  was  explained 
upon  the  principle  that  by  friction  the  amber  became  ani- 
mated. Thus  by  a  mere  play  upon  words,  men  satisfied  them- 
selves that  they  understood  the  phenomena  observed. 

768.  Extended  to  Other  Bodies. — Under  this  system  the  obser- 
vation of  Thales  remained  without  development  until  the  six- 
teenth century  or  for  over  two  thousand  years,  when  Gilbert, 
physician  to  Queen  Elizabeth,  found  that  the  property  in  ques- 
tion was  also  enjoyed  by  glass,  resin,  and  a  number  of  other 
substances.  All  of  these  when  submitted  to  friction  showed 
the  same  power  to  attract  light  substances. 

In  1670,  Boyle  discovered  the  electric  spark;  closely  following 
this,  the  so-called  medicated  tubes  were  invented.     These  con- 
sisted of  a  stout  tube  filled  with  jalap  powder,  or  some  other 
drug.     It  was  rubbed  with  a  silk  handkerchief  and  the  spark* 
drawn  oft*  from  a  knob   in  which  it  terminated  at  one  end- 
These  sparks  were  supposed  to  carry  the  medicinal  virtues  °* 
the  drug  with  which  the  tube  was  tilled.     Though,  of  eoure^ 
they  did  not  possess  any  power  over  that  of  the  spark  from  &>x 
ordinary  tube,  they  served  the  purpose  of  extending  a  knowled^-- 
of  this  form  of  electricity  throughout  Europe.     Very  soon  chfii 
latans  were  travelling  in  every  direction  administering  ^P*r^ 
from  medicated  tubes  to  persons  suffering  from  every  conceivab.-* 
form  of  disease. 
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769.  Conductors  Discovered. — In  1729  Gray  discovered  con- 
ductors and  non-conductors.  It  is  related  that  while  experi- 
menting with  a  medicated  tube,  he  found  that  if  the  brass  ball 
at  its  extremity  was  connected  with  it  by  a  string,  the  electric 
virtue,  as  it  was  called,  passed  along  that  to  the  ball  and  im- 
parted a  charge  to  it,  so  that  it  attracted  light  bodies.  Extending 
iris  experiment,  he  found  that  the  charge  could  pass  alone  a 
string  from  the  upper  window  of  his  house  to  the  area,  a  dis- 
tance of  thirty  feet. 

Having  satisfied  himself  of  the  correctness  of  his  observation, 
as  was  the  fashion,  he  invited  a  number  of  friends  to  witness 
it.  When  the  assemblage  had  gathered,  being  willing,  as  he 
relates,  to  perform  the  experiment  handsomely,  he  provided  a 
silken  cord  in  place  of  the  common  hempen  string  formerly  used. 
Taking  his  station  in  the  window,  and  submitting  the  medicated 
tube  to  strong  fricton,  he  found  that  the  pieces  of  paper  in  the 
area  remained  motionless.  He  then  substituted  the  hempen 
string,  when,  without  difficulty,  the  light  bodies  were  attracted. 

Thus  Gray  stumbled  upon  the  fact  that  while  some  bodies 
transmit  the  electric  virtue,  others  fail  entirely  in  that  power. 
In  short,  he  had  discovered  the  existence  of  conductors  or  anelec- 
trics,  and  non-conductors,  insulators,  electrics,  dielectrics,  or 
idioelectrics. 

Table  of  Conductors. 


Conductors  in  their  order  of  power. 

Metal*. 
Charcoal. 
Plumbago. 
Strong  acids 
Soot  and  lampblack. 
Metallic  ores. 
Metallic  oxides. 
Dilute  acids. 
8altne  solutions. 
Animal  fluids. 


Bain- water. 

Ice  and  snow  above  0°  F. 

Living  vegetables. 

Living  animals. 
JFlame. 
43moke. 
"Vapor. 
<£alts. 

-JUrefled  air. 
J)ry  earths. 
^Massive  minerals. 


Non-conductors,  insulators,  or  electrics, 
in  their  inverse  order. 

Dry  metallic  oxides,  including  fused  alka- 
lies and  earthy  hydrates. 

Oils,  the  densest  the  best. 

Ice  below  0°  F. 

Phosphorus. 

Dry  chalk  and  lime. 

Lycopodium. 

Caoutchouc. 

Camphor. 

Minerals,  non-metallic. 

Marble. 

Porcelain. 

Baked  wood  and  dried  vegetables. 

Dry  paper,  parchment,  leather. 

Dry  gases. 

Wool,  hair,  feathers. 

Dyed  silk. 

Bleached  silk. 

Raw  silk. 

Glass  and  vitrified  bodies,  including  dia- 
monds and  transparent  crystallized 
minerals. 

Asphaltum. 

Wax. 

Sulphur. 

Resins  and  gutta-percha. 

Amber. 

Shellac. 
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It  must  be  understood  that  there  is  no  such  thing  as  absolute 
conduction  and  non-conduction.  The  terms  are  merely  relative. 
In  the  table,  that  power  gradually  diminishes  throughout. 
The  metals,  which  head  it,  present  more  or  less  resistance  to  the 
passage  of  electricity.  The  substances  which  close  it,  allow  i 
small  amount  to  pass. 

770.  Du  Faye's  Theory. — Let  a  tuft  of  cotton  or  a  ball  of  pith, 
A,  be  suspended  by  a  silken  cord.  Then  excite  a  glass  nxl  D. 
strongly  with  a  silk  handkerchief  covered  with  a  little  mosaic 

Fio.  321. 


Electric  pendulum. 


gold  (bisulphide  of  tin):  bring  the  rod  in  the  vicinity  of  the 
cotton,  it  is  at  once  attracted,  B.  Then  rub  the  latter  in  varioa* 
parts  with  the  former,  without  touching  it  with  the  hand:  now 
on  exciting  the  rod  the  cotton  is  repelled,  C.  Substitute  for  the 
glass  rod  a  roll  of  sulphur,  excite  it  bv  friction,  present  it  to  the 
cotton,  and  it  is  at  once  attracted.  'The  apparatus  is  known  w 
the  electric  pendulum. 

From  this  experiment  we  learn  that  there  are  two  kindi  °: 
electricity  %  the  first  railed  vitreous  or  glass  electricity;  and  aW* 
resinous  ur  resin  electricity.  A  body  electrified  by  a  charge  from  tk 
vitreous  kind  is  repelled  by  a  vitreously  electrified  body.  In  like  m»u" 
ner,  the  roll  of  sulphur  would  first  attract  a  light  body,  »n* 
after  it  is  charged  repel  it ;  in  other  words,  bodies  electrified  afib 
repel  each  other.  If,  however,  to  the  vitreously  electrified  ball  o\ 
cotton,  the  resinoush*  electrified  sulphur  is  presented,  the  ball 
is  attracted.  Therefore,  bodies  electrified  differently  attract  i&* 
other. 
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771.  Franklin's  Theory. — We  do  not  have  two  kinds  of  heat, 
only  one,  and  if  that  in  a  body  is  deficient  in  quantity  we  say 
it  is  cold.  So  by  Franklin's  theory,  there  is  but  one  kind  of 
electricity.  Of  this  all  bodies  have  a  normal  or  natural  charge. 
If  we  do  anything  to  increase  this,  we  say  it  is  in  the  positive  or 
plus  state.  If  we  take  away  a  portion,  we  say  it  is  negative  or 
minus.  Electric  conditions  may,  therefore,  be  represented  by 
the  +  and  —  signs.  Whichever  theory  we  accept,  these  signs 
are  now  used  for  both.  In  Du  Faye's  the  +  sign  represents 
vitreous,  and  the  —  sign  resinous  electricity. 

While  Franklin's  is  the  more  philosophical,  there  are  certain 

phenomena  not  easy  to  explain  upon  that  basis,  but  they  are 

clear  at  once  under  the  operation  of  Du  Faye's.     For  example, 

the  opposite  passages  of  two  charges  from  a  Leyden  vial  when 

discharged  through  a  piece  of  card-board. 

772.  Electric  Laws. — 1st.  The  general  law  of  attraction  and 
pulsion  may  be  briefly  stated  as  follows:  Like  electricities 
pel ;  unlike  attract. 
2d.  The  force  of  repulsion  between  two  bodies  electrified 

like  is  inversely  as  the  square  of  their  distances. 

3d.  At  a  given  distance  the  attractive  and  repulsive  forces  of 
loctrified  bodies  are  as  the  product  of  the  quantities  of  free 
lectricity  they  contain. 

i>*  giving  vitreous  electricity  if  rubbed  with  the  one  that  follows  it,  and  resinous 

if  rubbed  with  the  one  that  precedes  it. 

1.  Catekin.  8.  Cotton.  15.  Amber. 

2.  Diamond.  9.  Linen.  16.  Sulphur. 

3.  Flannel.  10.  White  silk.  17.  Caoutchouc. 

4.  Ivory.  11.  Dry  hand.  18.  Gutta-percha. 
6.   Rock  crystal.  12.  Wool.  19.  Prepared  paper. 

6.  Wood.  18.  Sealing-wax.  20.  Collodion. 

7.  Glass.  14.  Colophony.  21.  Gun-cotton. 

^  778.  Pyro-electricity. — Electricity  of  the  same  nature  as  fric- 

^lOnal  may  be  developed  by  heat  in  the  tourmaline,  cane  sugar, 

nd  other  bodies.   The  former  should  be  suspended  horizontally 

y  a  silken  thread  in  a  glass  cylinder  placed  on  a  metal  plate, 

^^hich  can  be  heated.     The  phenomena  are  only  developed  at 

^«mperatures  between  10°  and  150°  C.     As  the  plate  is  heated, 

^lie  crystal   becomes  charged  with   electricity.     An   electrified 

_        rod  presented  to  one  end  repels  it,  to  the  opposite  attracts 

1.     As  it  cools,  it  first  loses  its  charge,  the  poles  then  reverse, 

at  which   was    positive    becoming    negative,   and    negative 

^*ositive. 

The  name  analogous  pole  is  given  to  that  end  which  is  positive 
^vhile  the  temperature  is  rising,  and  antilogous  to  that  which  is 
Negative. 
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774.  Electricity  by  Pressure  and  Cleavage. — If  a  disk  of  wood 
covered  with  oiled  silk,  and  a  metal  disk,  each  provided  with 
insulated  handles,  are  pressed  firmly  together,  and  then  separated 
suddenly,  the  latter  is  found  to  be  electrified.  A  crystal  of 
Iceland  spar  pressed  between  the  fingers  becomes  positively 
electrified ;  cork,  rubber,  and  a  number  of  substances  exhibit 
the  same  property  if  insulated.  Sudden  separation  of  bodies 
develops  the  best  effects. 

Cleavage  also  produces  electric  disturbance ;  mica,  paper,  and 
all  poor  conductors,  if  suddenly  separated  in  the  dark  give  a 
flash  of  phosphorescent  electric  light.  If  glass  handles  are  fitted 
on  each  side  of  a  piece  of  mica,  and  it  is  suddenly  torn  asunder, 
one  piece  shows  positive,  and  the  other  negative  disturUnce. 
A  stick  of  sealing-wax,  if  broken,  shows  different  electric  con- 
ditions in  its  two  ends. 

Other  sources  of  electricity,  such  as  chemical  action  and  mag- 
netism, exist. 
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775.  Parts  of  Electric  Machines. — For  the  advantageous  study 
of  our  subject,  it  is  necessary  that  we  describe  the  electric  HJ* 
chine,  though  there  are  certain  matters  involved  thereto,  *?" 
eluding  the  action  of  points,  which  for  the  present  we  must  t*** 
for  granted. 

In  the  early  days  of  electricity  machines  were  constructed 
cylinders  of  sulphur,  of  glass,  and  plates  of  glass.  The  forn^ 
were  mounted  on  an  axis  revolved  by  a  winch,  while  the  ha^ 
acted  as  a  rubber.  Electricity  was  collected  by  a  row  of  poit^ 
on  the  opposite  side,  which  communicated  with  the  prime  co^ 
ductor.  These  machines  are  very  apt  to  burst  under  influent 
of  friction,  and  their  low  conducting  power  for  heat.  They  ha^ 
gone  out  of  use. 

The  next,  the  glass  cylinder,  a  reproduction  of  the  sulphu  - 
has  also  passed  away. 
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The  third  or  plate  form  is  the  only  one  now  in  use.  Of  its 
parts  we  give  a  description.  They  are  four  in  number:  let, 
the  plate  or  electric;  2d,  the  insulators;  3d,  the  rubber  or  ex- 
citor;  4th,  the  prime  conductor  and  points. 

The  plate  or  electric  A  is  mounted  on  an  axis  on  which  it 
revolves  by  agency  of  a  winch  supported  by  two  columns  fixed 


firmly  into  the  base  of  the  machine.  The  plate  may  be  all  the 
way  from  a  few  inches  to  six  feet  in  diameter.  It  is  glass  or 
hard  rubber. 

Opposite  its  circumference,  and  a  few  inches  therefrom,  arc 
the  two  insulators  B  B,  which  are  stout  glass  supports  fixed 
firmly  into  the  Imac  of  the  apparatus,  and  intended  to  carry,  one 
the  rubber,  the  other  the  prime  conductor. 

Thy  rubber  C  varies  in  size  with  the  instrument.     It  is  sup- 

Eorted  by  one  of  the  insulators  and  occupies  the  position  of  a 
orizontal  radius  to  the  axis  of  revolution  on  one  side  of  the 
plate.  It  consists  of  two  pieces  which  should  grasp  the  plate 
on  opposite  sides  at  its  circumference,  and  extend  from  the 
margin  about  half  way  to  the  axis.  It  must  be  well  padded, 
and  grasp  firmly.  When  used  its  parts  should  be  coated  with 
mosaic  gold  or  amalgam,  which  greatly  promote  development 
of  electricity.  By  means  of  a  screw,  the  grip  of  the  rubber  is 
increased  or  diminished. 

The  prime  conductor  D  is  supported  by  the  insulator  on  the 
opposite  side  of  the  plate.  This  is  placed  at  a  distance  there- 
from, and  carries  the  former  on  its  top.  From  the  prime  con- 
ductor an  arm  projects,  extending  horizontally  to  a  point  midway 
between  the  circumference  of  the  plate  and  its  axif.  The  inner 
surface  of  this  presents  a  series  of  points  towards  the  plate. 
These  take  off  the  charge  developed  by  the  rubber,  and  store  it 
upon  the  prime  conductor,  from  which  it  cannot  escape,  as  it  is 
mounted  on  an  insulating  support. 
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Iii  the  machine  thus  described  the  rubber  and  prime  con- 
ductor are  insulated;  in  this  condition  it  would  give  very  feeble 
results.  If  vigorous  action  is  desired,  and  a  development  of 
positive  electricity,  the  rubber  ball  must  be  put  in  free  electric 
communication  with  the  earth.  Then  on  revolving  the  plate  ■ 
torrent  of  positive  sparks  is  obtained.  If  we  desire  negative 
electricity,  the  prime  conductor  is  put  in  communication  with 
the  earth.  The  rubbers  are  insulated.  On  throwing  the  in- 
strument into  action  sparks  arc  taken  from  the  ball  attached  to 
the  rubbers.  It  will,  therefore,  give  positive  or  negative  elec- 
tricity, according  as  the  prime  conductor  or  the  rubbers  are  con- 
nected to  earth. 

776.  Cleaning  and  Preparing  the  Piute. — Differences  in  thehr- 
grometric  character  of  glass  produces  variation  in  the  character 
and  power  of  the  plate.  The  latter  should  always  be  made  of  a 
non-hygrometic  glass.  The  supports  or  insulators  must  also 
be  non-hygrometic  Before  the  instrument  is  used  the  insulators 
and  plate  should  be  wiped  with  a  clean,  dry,  warm  silk  hand- 
kerchief, to  remove  all  dust  and  moisture.  The  plate  maybe 
cleansed  by  a  thorough  washing,  the  last  materials  used  bei^t 
pure  ammonia  and  ether. 

777.  The  Spark  in  Air. — No  phenomenon  in  nature  can  be  C**" 
founded  with  the  electric  spark.     Its  light,  its  snap,  its  con**' 


ure  perfectly  characteristic.  If  the  machine  is  put  in  aotic^* 
and  the  knuckle  presented  to  the  prime  conductor  at  a  sh*^* 
distance  therefrom,  a  short  straight  spark  puses  from  the  b»* 


MACHINE    AND    EXPERIMENTAL    ILLUSTRATIONS.      627 

be  finger,  or  it  may  be  received  upon  another  ball,  as  at  A. 
the  distance  is  increased  its  character  changes.  It  becomes 
zug  in  its  course.  If  still  further  increased,  projections  of 
it  from  each  angle  are  produced,  as  in  the  lower  figure.  At 
the  limit  is  reached  and  it  ceases. 

i- a  each  spark  passes,  it  is  attended  by  a  snapping  or  crackling 
nd,  which,  when  it  takes  place  between  eight-inch  spherical 
dated  balls  connected  with  a  powerful  induction  coil,  is  as 
1  as  the  discharge  of  a  pistol. 

rs.  The  Broken  Spark. — If  small  disks  of  tinfoil  are  pasted  on 
ass  tube,  with  a  small  interval  between  them,  and  the  latter 


tented  to  an  excited  prime  conductor,  the  spark  jumps  from 
:e  to  piece  of  the  foil,  and  is  thus  subdivided  into  a  hundred 
more  smaller  ones.  The  added  length  of  these  is  not  quite 
al  to  the  original  single  spark  which  the  machine  will  give. 
a  this  manner,  various  devices  can  be  traced  on  glass  plates 
eh,  on  being  brought  into  communication  with  the  machine, 
suddenly  lighted  up  and  yield  a  very  pleasing  effect. 

79.  Electric  Aura. — If  a  point  is  attached  to  the  machine  and 
instrument  thrown  into  action,  the  electricity  escapes  there- 
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from  in  the  form  of  a  brush.  If  the  hand  is  approached  to  the 
point  it  gives  a  sensation  as  though  some  one  was  breathing 
upon  its  surface.  In  a  dark  room  the  aura  is  seen  as  a  diffuse 
light  escaping  from  points  and  spreading  out  in  a  brush-like 
form.  As  the  hand  is  approached  towards  the  point  the  aura 
at  last  disappears,  and  is  succeeded  by  short  pungent  sparks, 
which  cause  an  irritating  effect  upon  the  skin.  If  the  elec- 
tricity is  positive,  an  extensive  brush  is  formed ;  if  negative,  a 
brilliant  point. 

The  ozone  or  electric  odor  so  commonly  perceived  in  the 
vicinity  of  a  machine  in  full  action,  is  stronger  with  the  aural 
than  with  the  spark  discharge. 

780.  Discharge  in  Vacuo. — If  the  electric  terminals  pass  into  the 
interior  of  a  tube  which  is  exhausted  by  an  air-pump,  the  dis- 
tance through  which  the  spark  can  pass  is  greatly  increased. 
With  an  ordinary  machine  it  may  easily  be  made  to  reach 
four  or  five  feet.  Its  character  also  undergoes  a  change,  the 
snapping  sound  disappears,  and  it  takes  the  form  of  a  waving  or 
straight  rod  of  light  extending  from  one  terminal  to  the  other. 

By  changing  the  gas  contained  in  the  tube — that  is,  having 
the  residue  air,  hydrogen,  carbonic  acid,  etc. — the  color  of  the 
discharge  varies. 

The  electric  egg  is  an  oval  or  egg-shaped  vessel  of  glass* 
which  can  be  rarefied  in  the  interior.  Its  terminals  brought 
into  connection  with  the  machine,  give  a  variety  of  forms  ot 
discharge  dependent  upon  the  degree  of  rarefaction  and  strength. 

781.  Charging  the  Body. — If  a  person  is  insulated  by  standing 
on  a  thick  sheet  of  glass,  or  on  a  stool  with  glass  legs,  and  tbe 
hand  laid  on  the  prime  conductor,  when  the  machine  is  thro**11 
into  actiou  the  body  becomes  charged.     The  hair  stands  o*^1 
every  one  repelling  its  neighbor.     Under  this  condition  if  i^-B" 
other  person  approaches  his  hand  to  the  charged  individual  ^  1 
very  strong  spark  passes  which  affects  both  alike,  produci 
involuutary  contraction  of  the  muscles  in  the  vicinity  of  t 
parts  between  which  it  passed. 

782.  Attraction  and  Bepulsion  Illustrated. — If  two  balls  of  pi 
are  connected  by  a  linen  thread  ten  inches  or  a  foot  in  lengt 
and  the  latter  suspended  by  its  centre  from  the  knob  of  t 
prime  conductor,  on  exciting  the  machine  the  former  are 
once  repelled.    Present  an  excited  glass  rod,  and  it  repels  thec^ 
Present  a  piece  of  excited  sulphur,  and  they  are  attracted.    In— -^ 

jar  which  stands  upou  a  metallic  plate,  place  a  number  of  £ 

pith  balls.  Let  a  knob  in  communication  with  the  niachi  ~* 
project  therein  to  a  distance  of  three  or  four  inches  from  t  B» 
plate  closing  its  mouth.     Exciting  the  machine  the  halls  a*A 
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alternately  attracted  and   repelled  with  violence  by  the   knob. 
The  experiment  is  known  as  that  of  electric  hail. 

Place  a  piece  of  gold  leaf  an  inch  square  between  circuhir 
plates  of  tin  ten  inches  in  diameter;  the  upper  in  communica- 
tion With  the  machine,  and  the  lower  with  the  earth.  Make 
the  distance  between  the  plates  four  or  live  niches.  Excite 
the  machine  and  at  once  the  gold  leaf  rises,  becomes  erect,  aud 
takes  OD  a  graceful  dancing  movement  between  the  two  platen. 
The  vigor  of  gyration  depends  on  the  degree  of  excitation. 

783.  Electric  Bella.— Take  a  rod  of  metal  and  attach  it  to  the 
machine  bo  that  it  occupies  a  horizontal  position.     From  the 
centre  suspend  a  bell  by  a  silken  cord,  and 
j)ut  it  in  communication  with  the  ground  by  Fia-  a26- 

;.  chain  ;  from  each  extremity  suspend  othei'B 
l»y  good  conductors.  The  bells  should  hang 
some  two  or  three  inches  apart.  To  the  ceu- 
of  each  space  between  the  points  of  sus- 
ension,  attach  a  silken  thread  which  carries 
button  at  its  lower  extremity,  the  length 
mast  be  adjusted  to  have  the  buttous  hang 
opposite  the  rims  of  the  bells;  throw  the 
machine  into  action,  the  electricity  passes 
down  the  chains  to  the  outer  bells.  These 
are  excited  and  attract  the  buttons,  which 
strike  tbern,  producing  a  ringing   sound.     Becoming  charged 


■-:>>  ( i 


B«  Hi-     ■  < ■. 


ss 


pre 
they  are  repelled  to  the  central  bell,  they  strike  it,  discharge 
ity  into  the  ground,  and  are  again   attra>  '    ' 
Thus  a  continued  ringing  is  produced, 
xvhieb  is  an  illustration  of  electric  attraction  and 
pulsion.   The  experiment  is  known  as  the  electric 


784.  Electric  Vane. — Take  six  pieces  of  brass  wire 
s«->me  six  inches  long,  sharpen  their  ends  to  a  fine 
J->oint,  bend  them  as  in  Fig.  327.     Then  attach  the 
olunt  ends  to  the  rim  of  a  button  as  radii  at  equal 
cliatances  with  the  points  all  looking  the  same  way. 
The  button   is   then    mounted   upon   an   insulated 
vertical  axis,  so  the  whole  arrangement  can  revolve 
freely  thereon.     Now  connect  the  vane  to  the  ma- 
chine, and   throw  the  latter   into  action.     At  once  electricity 
esenpes  from  the  points  in  a  brush-like  form,  and  their  recoil 
eets  the  apparatus  in  rotation. 

785.  Conduction  Illustrated. — Take  a  secondary  conductor.  Fig. 
B38,  which  is  of  the  general  form  of  the  primary  conductor,  and, 

like  it,  is  insulated.     Place  it  five  feet  from  the  machine:  sus- 
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Secondary  conductor. 


Fio.  828.  pend  a  pair  of  cork  balls  at  each  end; 

8 1 retch  between  the  prime  and  second- 
ary conductor  a  brass  rod  some  six  feet 
in  length.  The  moment  the  machine 
is  thrown  into  action  the  balls  diverge 
from  each  other,  showing  the  passage 
of  electricity.  Make  a  solid  glass  rod 
the  means  of  communication  between 
the  two  conductors.  Throw  the  ma- 
chine into  action  and  there  is  no  diver- 
gence, as  glass  is  a  non-conductor. 
Gases  also  possess  considerable  con- 
duction power,  especially  if  hot.  In  illustration  of  this,  restore 
the  brass  rod,  and  connect  the  secondary  with  the  prime  con- 
ductor. Excite  the  machine  and  the  balls  diverge.  Hold  a 
voluminous  spirit  flame  under  the  secondary  conductor,  and  at 
once  they  fall  together.  The  heated  air  and  products  of  com- 
bustion rising  from  the  flame,  have  carried  off  the  electric  charge 
from  the  conductor. 

786.  The  Electrophorus  is  an  instrument  by  which  electricitv 
is  obtained  continuously  and  at  a  minimum  of  expense.    & 

consists  of  a  metallic  ring  ten  inches  fa 
diameter,  A.     It  should   be  about  h*" 
an  inch  high.     In  the  circular  space  tb*1* 
formed    melted    shellac   is   poured,  a*1* 
allowed  to  rest.     A  disk  of  metal,  B*  °* 
little  less  diameter  than  the  shellac  is  pr^" 
vided ;  to  its  centre  an  insulating  hand*e 
C  D,  is  attached. 

The  shellac  is  excited  by  beating  it  wm  * 

a  catskin  or  flannel.    Then  lower  the  pi  J 

or  cover  upon  it,  touch  the  margin  of  t 

former  and  a  spark  escapes;  separate 

from   the  shellac,  touch  its  margin   ai^ 

another   is   obtained.     So   an   indefini 

number  can   be  drawn  from  the  movable   metallic   plate  t^ 

alternately  touching  it  with  the  finger  when  laid  on  the  sheila—* 

and  separated  from  it. 

787.  The  Hydro-electric  Machine,  invented  by  Sir  William  J 
strong,  consists  of  an  insulated  boiler  in  which  high-pressu 
steam  is  generated.     This  is  passed  through  a  cooling  box  co 
sisting  of  tubes  surrounded  by  cotton  which  dip  into  waf 
contained  therein.     By  partial  condensation  of  the  steam,  whic^ 
is  an  essential  feature,  drops  of  water  are  produced.     The  fri 
tion  of  these  minute  drops  against  the  orifice  from  which 
steam  escapes  develops  the  electricity.     The  steam  merely  far 
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niahea  the  propelling  force.  Opposite  the  jets  is  a  metallic  comb 
connected  with  an  insulated  conductor.  Upon  this  the  escaping 
steam  impinges,  and  to  it  imparts  the  positive  electricity  with 
which  it  is  charged.  The  jet  piece  ia  made  of  wood,  and  pas- 
sage through  it  is  hindered  by  a  metallic  tongue  around  which 
the  steam  is  obliged  to  paBS  to  reach  its  entrance.  A  pressure 
of  several  atmospheres  is  required,  and  the  water  used  in  the 
boiler  must  be  distilled. 

This  instrument  ia  very  powerful,  sparks  over  two  feet  in 
length  being  easily  obtained.  It  works  well  in  the  open  air,  but 
in  a  room  everything  ia  quickly  covered  with  condensed  steam 
and  it  becomes  inoperative. 


CHAPTER  XLII. 

MEASUREMENT  AND  DISTRIBUTION. 

Electroscopes — Electrometers — The   torsion  electrometer — The  charge   is  on  the 
turfuce — Distribution   depends   on   form — Action  of  point* — Dissipation  of 

788.  Electroscope*;  arc  instruments  for  the  detection  of  elec- 
tricity.    The  most  delicate  is  the  gold-leaf  electroscope.    It 
consists  of  two  pieces  of  very  thin  leaf,  A,  about 
three- fourths  of  an  inch  wide  and  three  long.  Fio.  aso. 

Theae  are  suspended  by  one  end  bo  they  lie 
face  to  face  and  touch  each  other.  To  protect 
them  from  currents  of  air  they  are  placed  in 
the  interior  of  a  jar  or  shade,  B,  through  the 
top  of  which  a  metallic  rod  passes,  the  lower 
end  bearing  the  leaves  being  within,  the  upper 
terminating  in  a  hall,  or  plate,  C,  some  three 

inches  in  diameter,  which  answers  for  a  con- 
denser.    Within    the  shade,  at  a  distance  of 

two  inches  from  the  leaves  on  each  side,  there 

is  a  brass  wire  terminating  above  in  a  little 

ball,  D,  and  attached  below  to  the  base  of  the 

instrument.    These  afford  communication  with 

the   earth.     The  air  of  the  jar  should  be  kept 

dry  by  a  piece  of  quicklime  placed  in  an  evapo-     iWJ.w  .iwirusn,!- 

rating  dish. 

When  an  electrified  body  is  brought  iu  the  vicinity  of  the 

plate,  though  its  distance  from  it  is  considerable,  the  gold 
leaves  diverge  from  each  other  ;  when  removed,  they  approach. 
If  the  divergence  is  Btrong  enough  to  cause  them  to  strike  the 
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little  balls,  tbey  remain  divergent  after  the  exciting  cause  is 
taken  away.  The  character  of  the  electricity  with  which  tbey 
are  charged  may  then  be  determined.  If  positive,  the  approach 
of  an  electrified  glass  rod  will  increase  its  divergence;  that  of 
sulphur  will  diminish  it. 

A  simpler  apparatus  for  detecting  an  electric  charge  is  a  pair 
of  cork  balls  connected  with  a  conducting  thread.  It  is  not 
as  sensitive  as  the  instrument  previously  described,  but  answers 
all  ordinary  purposes.  For  delicate  physiological  investigations 
the  gold-leaf  electrometer  is  always  employed ;  in  it  lightness 
of  the  foil,  its  admirable  conducting  power,  extent  of  surfaces, 
and  their  closeness,  make  it  the  most  sensitive  instrument  that 
could  be  devised. 

789.  Electrometers  are  instruments  for  measuring  the  intensity 
of  an  electric  charge.  The  quadrant  electrometer  consists  of  a 
rod  attached  to  the  electric  machine  so  as  to  assume  a  vertical 
position.  Above,  it  terminates  in  a  knob  to  prevent  loss  of 
charge.  Just  below  this  is  a  graduated  semicircle,  to  its  centre 
a  delicate  wire  is  attached  which  carries  a  cork  ball  at  its  free 
extremity. 

When  a  charge  is  given  to  the  instrument  the  cork  ball  in- 
stantly diverges  from  the  rod,  the  extent  of  this  is  read  in 
degrees  on  the  scale,  being  the  measure  of  its  intensity.  At 
best  this  instrument  is  imperfect,  for  theoretically  its  action  is 

limited  to  90°  of  divergence.  Actually 
Fig.  331.  the  ball  will  rise  beyond  that  limit- 

Moreover,  a  divergence  of  60°  require* 
many  times  the  amount  of  force  to 
produce  it  that  is  able  to  cause  on* 
of  30°.   It  is,  therefore,  limited  to  vet? 
crude  determinations. 

790.  The  Torsion  Electrometer,  or  el  ^f 

trie  balance  of  Coulomb,  consists  o  » 
cylinder  of  glass,  A  A,  some  five 


six  inches  in  diameter,  from  the  UPT*^ 
part  of  this  another  much  smaller,!)  ^ 
projects.  The  top  of  the  second  earri  *" 
a  graduated  scale,  through  the  eent^ 
of  which  passes  an  axis,  with  an  ind<^ 
attached  traversing  the  scale.  Totfe^ 
lower  part  of  the  axis  a  fine  wire  is  fas  J 
ened,  which  is  carried  down  throu^ 
the  small  cylinder  to  the  centre  of  th  * 
large  one,  here  it  terminates  in  a  sleiC 
der  rod  of  shellac,/,  attached  to  it  at  right  angles.  This  move-* 
in  a  horizontal  plane.     On  the  wall  of  this  cylinder  a  scale  o* 
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360°  is  affixed  at  A  A.  One  end  of  the  rod  carries  a  gilt  ball, 
7,  which  is  mounted  on  an  insulated  support,  and  will  retain  any 
charge  imparted  to  it. 

Through  the  top  of  the  large  cylinder  another  slender  shellac 
■od,  B  JTj  passes  vertically,  which  terminates  in  its  interior 
n  a  gilt  ball,  g\  of  the  same  size  as  that  on  the  horizontally 
suspended  rod.  When  this  is  in  position  the  ball  it  carries  is 
exactly  opposite  that  on  the  latter  rod  just  touching  it,  and  both 
we  insulated.  The  former  is  held  in  position  by  a  knob  on  its 
upper  end. 

When  the  instrument  is  used  the  index  on  the  small  cylinder 
is  set  at  0°,  and  the  glass  cover  turned  until  the  horizontally 
supported  ball  is  exactly  opposite  that  vertically  suspended. 
The  latter  is  then  lifted  out,  charged,  and  returned  as  quickly 
is  possible.  The  moment  it  is  introduced  it  repels  the  former. 
The  amount  of  this  repulsion  is  read  off  from  the  scale  arranged 
an  the  large  cylinder. 

Let  it  be  supposed  that  this  is  36°.  Now  turn  the  index  at 
the  top  of  the  small  cylinder  until  the  repulsion  on  the  hori- 
sontal  scale  is  reduced  to  18°.  Reading  the  amount  through 
which  the  index  on  the  small  cylinder  has  been  turned,  and  the 
consequent  torsion  on  the  wire  to  produce  this  result,  we  find 
that  it  is  126°,  add  to  this  the  18°  of  movement  on  the  latter 
scale,  and  we  have  144°  as  the  amount  required  to  reduce  re- 
pulsion to  one-half. 

Again,  reduce  the  deviation  to  8.5°.  For  this  an  additional 
movement  of  the  upper  index  through  441°  is  required,  add  to 
this  126  +  8.5°,  and  we  have  575.5°  as  the  total  torsion  put  upon 
the  wire  to  reduce  the  deviation  to  one-quarter. 

Repulsions  in  the  ratio  of  1,  J,  J,  require  torsions  respectively 
of  36°,  144°,  and  575.5°  to  balance  then).  These  figures  show 
the  relation  of  1,  4,  16,  to  each  other.  They  represent  the 
ratio  of  torsions  required  to  reduce  the  deviations  of  bodies 
charged  with  equal  quantities  of  electricity  respectively  to  1,  J,  ^. 

791.  The  Charge  is  on  the  Surface. — Take  a  metallic  cylinder 
nounted  on  a  horizontal  axis,  which  is  glass  on  one  side  termi- 
tating  in  a  winch,  and  brass  on  the  other,  ending  in  a  ball 
arrying  a  quadrant  electrometer.  Let  a  strip  of  thick  tin- 
oil  be  wound  on  the  cylinder,  which  can  be  unwound  by  a 
ilken  thread,  or  wound  by  the  winch.  Wind  the  foil  closely 
,nd  charge  the  apparatus  from  the  machine.  The  electrometer 
hows  a  certain  divergence.  As  it  is  unwound,  this  diminishes, 
is  it  is  wound,  it  increases.  From  this  we  see  that  when  the 
aperficies  exposed  is  increased,  the  charge  is  distributed  over 
i  greater  area  and  has  less  intensity.     When  diminished  it  is 
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disposed  over  a  less  area,  and  its  intensity  is  increased,  from 
which  it  is  evident  that  the  charge  is  distributed  superficially. 

792.  Distribution  Depends  on  Form. — On  a  sphere  a  charge  is 
entirely  on  the  exterior,  as  shown  by  taking  a  hollow  insulated 
sphere  with  an  opening  through  the  top,  and  examining  its  inte- 
rior with  the  proof  plane  of  Coulomb's  balance.  Xo  charge  is 
found  therein. 

On  the  exterior  of  a  sphere  the  electric  density  is  the  same  for 
all  parts  of  its  surface. 

On  an  ellipsoid  it  is  greatest  at  the  ends,  and  is  at  a  minimum 
in  the  central  regions. 

On  a  cylinder  it  is  almost  entirely  at  the  extremities. 

On  a  flat  disk  it  is  hardly  appreciable  on  the  faces,  and  in- 
creases suddenly  as  the  margins  are  reached. 

793.  Action  of  Points. — From  the  above,  and  from  what  has 
been  previously  stated  regarding  the  electric  brush,  it  is  evident 
that  the  cause  of  the  escape  of  electricity  from  points  is  the 
accumulation  of  the  force  upon  them  until  the  repellant  power 
becomes  so  great  that  passage  into  the  surrounding  air  occurs. 
Therefore,  all  points  should  be  carefully  rounded  and  made 
smooth,  not  only  on  the  machine  but  also  on  all  apparatus  u»#* 
therewith. 

The  presentation  of  a  point  to  the  machine  has  the  sameeff4** 
as  though  it  were  attached  to  it.     In  evidence  of  this,  chfr**?? 
with  electricity  a  secondary  conductor,  to  which  a  pair  of  c^ 
balls   are   attached.     They   immediately   undergo  diverge!*  **' 
Present  to  the  charged  conductor  the  point  of  a  needle,  it  quic^*V 
robs  it  of  its  charge,  as  shown  by  their  falling  together,  and  t  *l 
without  perceptible  passage  of  electricity  from  it  to  the  pointy 

Connect  a  pointed  wire  to  the  prime  conductor  of  the  mach^-* 
to  make  it  look  horizontally  outwards  from  it.     Then  throw  i 
machine  into  action,  bring  the  flame  of  a  spirit-lamp  oppot 
the  point,  and  it  will  be  blown  away  by  the  electric  brush  esc; 
ing  therefrom. 

794.  Dissipation  of  Charge. — An  insulated  conductor  left 
itself  gradually  loses  its  charge.     This  takes  place  through  t 
supports  or  insulators,  and  the  air. 

The  loss  in  the  former  can  be  diminished  by  decrease 
their  diameters.     A  long  fibre  of  glass,  or  raw  silk,  makes  ^&* 
excellent  insulator. 

As  respects  the  air,  the  loss  takes  place  in  two  ways:  1st,  - 
iduetion,  and,  2d,  by  convection.     Highly  rarefied  air,  and  th  * 
hich  is  moist,  probably  act  by  conduction.     In  dry  the  actic^ 
by  convection.     The  molecules  in  contact  with  the  elect! — * 
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becoming  charged  are  repelled,  and  new  ones  move  in  to  take 
their  place,  these  in  their  turn  are  also  repelled.  It  is  by  this 
agency  that  escape  from  points  is  accounted  for.  It  is  a  curious 
fact  that  charges  of  negative  electricity  are  dissipated  more 
rapidly  than  positive. 


CHAPTER  XLIII. 
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Induction  described — Bound  electricity — Attraction  and  repulsion  explained — 
Pail  experiment — Induction  passes  through  glass — Specific  inductive  power 
— The  Leyden  vial — Dissected  Leyden  vial — Penetration  of  the  charge. 
Residuum — Leyden  batteries — Discharge  through  a  card — Lich  ten  berg's 
figures — Iloltz  machine — Condensers — Rate  of  passage — Duration  of  spark — 
Mechanical  effects — Physical  effects — Chemical  effects — Physiological  effects. 

795.  Induction  Described. — Take  an  insulated  cylindrical  con- 
ductor, A,  arranged  so  that  cork  balls  can  be  suspended  from 
the  two  ends.  Bring  into  the  vicinity  of  one  extremity  a  posi- 
tively excited  insulated  sphere,  B.  At  once  there  is  disturbance 
in  the  cylindrical  conductor.     The  electricity  it  contains  under- 

Fio.  332. 
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£oes  instantaneous  decomposition,  the  balls  at  either  end  are 
liverged ;  now  take  a  stick  of  sealing  wax,  excite  it  by  friction, 
Mid  present  it  to  the  cork  balls  at  the  end  of  the  cylinder  most 
Jistant  from  the  sphere,  they  are  attracted.  Present  it  to  those 
it  the  end  nearest  the  sphere,  and  they  are  repelled.     Excite 
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a  glass  rod  and  examine  the  balls  with  it.  It  attracts  tbow 
nearest  the  sphere,  and  repels  those  at  the  further  end  of  lb« 
cylinder.  We,  therefore,  fand  that  the  normal  charge  of  the 
latter  has  been  decomposed  in  such  a  manner,  that  the  positive 
electricity  ie  driven  to  the  end  furthest  from  the  former,  and 
the  negative  attracted  to  that  nearest  it. 

Remove  the  excited  sphere  and  at  once  the  cork  balls  fall  to- 
gether. The  disturbed  condition  of  the  cylinder,  therefore, 
only  lasts  while  the  former  is  in  its  vicinity.  As  it  is  approached 
nearer,  or  removed  further  therefrom,  the  disturbance  varies, 
being  greatest  when  it  is  nearest,  and  steadily  diminishing  u 
it  is  taken  to  a  distance. 

The  change  described  is  called  electric  induction  or  injiumr. 
Nothing  passes  from  the  sphere  to  the  cylinder,  and  the  disturb- 
ance in  the  latter  only  lasts  while  the  former  is  ill  its  vicinity. 
It  is  an  illustration  of  the  law  of  attraction  and  repulsion.  The 
sphere  decomposes  the  normal  charge  of  the  cylinder,  attracting 
its  negative,  and  repelling  its  positive  electricity.  In  this  change 
the  neutral  condition  is  not  quite  at  the  centre  of  the  latter 
but  a  little  on  the  side  towards  the  former.  This  side  also 
shows  a  stronger  charge. 

796.  Bound  Electricity. — Not  only  are  positive  and  negative 
electricities  separated  in  the  precediug  experiment,  but  they  are 
also  in  different  conditions.  While  the  positive  charge  is  free 10 
escape,  and  will  pass  off  by  any  conducting  channel ;  the  oeea- 
tive  is  bound,  and  cannot,  even  though  put  in  electric  com- 
munication with  the  earth. 

In  illustration,  repeat  the  preceding  experiment,  and  while 
the  cylinder  is  strongly  under  the  influence  of  the  sphere,  estab- 
lish connection  between  its  further  extremity  ana   the  earth- 
The  balls  at  that  end  immediately  collapse,  while  those  at  the 
other  are  more  strongly  diverged.     By  this  action   the  neutral 
line   has   been  pushed  back  to  the   earth.     The  whole  of  *"e 
cylinder  is  now  negatively  electrified.     Break   the   earth  c*1*" 
nection  and  remove  the  sphere  from  the  vicinity  of  the  cvlin«*-w 
The  latter  will  now  be  found  to  be  Btrongly  charged  with  nerP 
tivc  electricity,  the  former  being  positive.    This  method  is  kne* 
as  charging  by  induction: 

797.  Attraction  and  BepoLaion  Explained. — In  all  electric  atti — 
tioni  and  repulsions  the  light  body  exhibits  induced  chang^* 
Its  normal  charge  is  decomposed  and  the  negative  port*6- 
powerfully  attracted  by  the  positively  excited  body — the  sphe 

*f  sufficiently  light,  it  moves  toward  the  excic^- 
'  ing  it,  discharges  the  negative  portion,  and 
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then  powerfully  repelled,  both  bodies  being  electrified  Rlike  or 
in  the  +  state. 

In  place  of  a  single  cylinder  conductor  (795),  use  a  number, 
and  place  them  in  a  straight  line  at  a  slight  distance  from  each 
other.  Then  bring  the  excited  sphere  in  the  vicinity  of  one 
*nd  of  the  line;  at  once  there  is  disturbance  in  the  whole  row. 
~~    move  it,  and  they  relapse  into  their  original  condition. 

The  experiraeut  seems  to  explain  how  conduction  takes  place, 
he  molecules  of  the  body  represent  the  cylinders.  They  are 
I  a  distance  from  each  other.  When  the  end  of  the  row  is 
scted  upon  by  an  excited  body  one  side  of  each  molecule  be- 
comes positive  and  the  other  negaiive.  In  good  conductors 
polarization  is  only  instantaneous,  being  destroyed  by  the  dis- 
charge from  molecule  to  molecule.  Good  insulators,  on  the 
contrary,  resist  the  tendency  to  discharge,  and  retain  their 
polarized  condition  for  a  considerable  time. 

798.  Pail  Experiment. — Take  a  metallic  pail,  A,  seven  inches  in 
«Jiameter  and  eleven  iu  height.     Connect  its  outside  by  a  wire 
-with  a  delicate  gold-leaf  electroscope, 
E,   Fig.  333.     Then  take   a    metallic  F'"-  333- 

liall,  B,  insulated  by  a  white  silk  thread 
eorue  four  feet  in  length.  Charge  it  at 
the  machine  and  lower  it  into  the  pail. 
.As  it  enters,  the  electroscope  shows  a 
divergence  of  its  leaves.  On  remov- 
ing it  this  ceases.  Then  lower  it  again, 
tin:  divergence  in  the  attached  electro- 
scope increases  until  a  depth  of  about 
three  inches  is  readied,  beyond  this  it 
reuiuint-  stationary.  Let  the  ball  touch 
the  bottom  and  discharge  itself,  no  in- 
creased divergence  is  seen.  Remove 
it,  and  divergence  continues,  while  the 
\>all  is  found  completely  discharged. 

From  this  we  see  that  the  effect 
produced  hy  induction,  as  the  ball  en- 
tered the  pail,  was  fully  equal  to  that 
caused  by  the  actual  discharge  of  its 
electricity  into  it.  Moreover,  if  a 
series  of  pails  be  placed  one  within 
the  other,  and  insulated  from  each 
other  by  disks  of  shellac,  so  they  do 
not  touch  in  any  part,  and  the  external  one  is  connected  with 
an  electroscope,  when  the  hall  is  lowered  into  the  inner,  diver- 
gence of  the  leaves  takes  place  in  the  electrometer,  exact lv  as  in 
the  first  instance,  where  only  one  was  used. 


; 
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799.  Induction  Passes  Through  Glass. — Restore  the  conditions 
of  the  first  experiment  (795),  and  provide  in  addition  a  sheet 
of  glass.  Bring  the  sphere  near  the  end  of  the  cylinder,  the 
cork  balls  at  either  end  of  the  latter  show  divergence.  Inter- 
vene the  glass  between  them  and  no  change  is  perceptible.  Re- 
move the  sphere  to  a  distance,  the  balls  fall  together.  Restore 
it,  they  are  repelled,  and  exactly  to  the  same  distance  as  when 
the  glass  is  removed.  We,  therefore,  find  that  electric  induction 
or  influence  passes  through  glass  with  the  same  facility  as  through 
air.  An  experiment  devised  by  Faraday,  shows  that  this  action 
is  due  to  polarization  of  the  molecules  of  the  medium.  It  con- 
sisted in  taking  a  vessel  of  turpentine  in  which  filaments  of  silk 
were  diffused.  Two  conductors  were  then  plunged  into  the  fluid, 
one  connected  with  the  machiue,  and  the  other  with  the  ground 
The  particles  of  silk  immediately  arranged  themselves  end  to 
end  and  adhered  closely,  showing  the  conditions  of  the  molecules. 
Another  experiment  consisted  in  taking  a  number  of  plates  of 
mica  closely  packed,  the  outer  provided  with  movable  metallic 
coatings.  The  system  was  then  electrified,  the  coatings  removed 
by  insulated  handles,  when  the  opposite  surfaces  of  each  were 
found  to  be  electrified,  the  one  positive,  the  other  negative; 
thus  showing  the  condition  of  the  molecules  of  successive  layers 
of  the  intervening  electric. 

800.  Specific  Inductive  Power. — Let  two  hollow  spheres  be  pro- 
vided, each  four  inches  in  diameter,  which  like  the  Magdeburg 
hemispheres  can  be  separated  at  the  middle,  or  joined  by  a  flange, 
and  the  interior  exhausted.  Through  the  upper  half  of  each 
let  an  insulating  conducting  rod  pass  which  communicates  with 
a  second  sphere  placed  in  the  interior  of  the  first,  and  separated 
from  it  by  a  space  of  about  an  inch  wide  in  all  its  parts.  Then 
let  the  inner  sphere  of  one  of  the  systems  receive  a  charge,  the 
outer  being  connected  with  the  ground,  the  system  acting  like  a 
Leyden  vial.  The  electricity  in  the  inner  conductor  is  then  deter- 
mined by  a  proof  plane.  Suppose  it  gives  a  torsion  of  250°.  The 
knob  of  this  instrument  is  then  touched  to  that  of  the  other. 
The  torsion  in  each  is  found  to  be  125°.  The  two  pieces  of 
apparatus  being  alike,  and  the  space  between  the  spneres  in 
each  tilled  with  air,  the  charge  is  equally  divided  between 
them. 

Let  the  space  in  one  be  tilled  with  shellac.  Charge  the  other, 
put  the  knobs  in  communication,  and  test  each  by  the  proof 
plane.  The  charge  is  no  longer  equally  divided  ;  a  portion  ap- 
to  be  lost,  and  the  shellac  instrument  contains  more  than 

i*  number  of  experiments  Faraday  arrived  at  the  following 
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expressions  of  the  specific  inductive  capacity  of  various  dielectrics, 
as  they  are  called. 


Sulphur 

.     1. 

Paraffine 
India  rubber 
Gutttt-percba 

!  2' 
.  4 

Spermaceti 
Rosin    . 
Pitch    . 

Glau     . 


801.  The  Leyden  Vial  consists  of  a  wide-mouthed  bottle,  A, 
of  about  a  half  gallon  capacity.     The  outside  and  inside  are 
both  coated  with  tinfoil  to  within  a  couple 
of  inches  of  the  top,  u  stopper  of  wood,  B,  Fl°  S9i- 

closes  its  mouth,  through  this  a  metal  rod 
passes  communicating  with  the  inner  coat- 
ing below,  and  terminating  above  in  a  knob. 

If  the  arrangement  be  put  upon  an  in- 
sulated stand,  C,  and  placed  near  the  prime 
conductor  I),  of  a  machine  in  action,  only 
three  or  four  sparks  pass  to  it.  If  a  knob, 
E,  in  electric  communication  with  the  ground 
is  then  brought  near  the  exterior  coating,  a 
spark  passes  to  it.  For  every  one  passed  — 
from  the  machine  to  the  inner  coating, 
another  passes  from  the  outer  to  the  knob. 
This  continues  for  some  time,  a  perfect 
torrent  pouring  from  the  machine  to  the  vial. 
At  last  it  ceases  and  the  jar  is  fully  charged. 
Examination  shows  that  if  positive  electricity 
ia  communicated  to  the  inner  coating,  it  is  positive  electricity 
which  escapes  from  the  outer ;  but  it  is  not  the  same  as  that 
which  the  inner  coat  received,  for  a  time  arrives  at  which  the 
action  ceases.  That  the  electricity  received  by  the  inner  coat 
s  still  there,  may  be  proved  by  discharging  the  vial,  when  an 
exceedingly  powerful  spark  is  obtained,  and  a  profound  shock 
experienced,  far  exceeding  in  strength  that  of  the  sparks  com- 
municated to  it. 

The  vial  can  be  discharged  without  the  electricity  passing 
through  the  body  by  means  of  the  arrangement.  Fig.  336  A, 
which  is  a  pair  of  brass  rods  some  eight  inches  in  length  termi- 
nating at  one  end  in  bulls,  and  joined  at  the  other  by  a  hinge,  ho 
they  may  he  adjusted  to  different  distances.  This  is  attached  to 
an  insulating  handle. 

The  discharge  is  either  instantaneous  or  gradual.  To  effect 
the  former,  touch  the  outer  coat  of  the  vial  with  one  ball  of  the 
discharging  rod,  and  then  approach  the  other  to  the  knob  com- 
municating with  the  inner  coat,  it  in  discharged  with  a  brilliant 
spark  and  a  noise  like  the  explosion  of  a  percussion  cap.     To 
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effect  the  latter,  touch  the  outer  and  inner  coating*  alternately 
with  a  ball. 

802.  Dissected  Leyden  Vial. — The  object  of  this  apparatus  is  to 
prove  that  the  charge  is  on  the  glass.  It  consists  of  a  cone- 
shaped  jar  of  glass,  A,  three  inches  in  diameter  at 
the  base,  five  at  the  top,  and  eight  high.  This  fits 
accurately  into  a  tin  jar,  B,  of  the  same  diameter, 
but  about  two  inches  shorter.  Another  cone-shaped 
jp.r  of  tin  fits  the  interior  of  the  glass  jar  and  is  also 
about  two  inches  shorter.  When  the  three  are 
placed  within  one  another  the  glass  projects  about 
two  inches  above  the  tin  jars.  The  latter  act  as 
coating  to  the  glass.     A  vertical   metallic  rod,  C. 

iMwacted        rjse8  lrom    the    inner  coating  about   four  inches 

above  the  glass  when   all  the  parts  are  in  position. 
By  it  electric  communication  is  had  with  the  interior  coat 

Place  the  coatings  in  position  and  charge  the  jar  at  the  electric 
machine.  It  acts  in  all  respects  like  a  Leyden  vial,  and  will  yield 
a  brilliant  flash.  Charge  it  again,  remove  the  inner  coating  by 
means  of  a  glass  rod,  then  the  outer.  The  two  may  be  brought 
into  contact  with  each  other,  no  spark  passes.  Replace  them, 
discharge  the  apparatus,  a  brilliant  spark  is  produced.  It  is, 
therefore,  evident  that  the  eleetricity  must  have  been  upon  the 
glass.  To  prove  that  it  is,  again  charge  the  jar,  and  remove  the 
coatings.  Then  pass  oue  finger  on  the  outside  of  the  glass  below 
the  line  precisely  occupied  by  the  coating;  with  another  finger 
touch  the  inside,  instantly  a  shock  is  felt,  demonstrating  beyond 
a  doubt  that  it  is  thereon. 

803.  Penetration  of  the  Charge.     Residuum. — Xot  only  is  the 
charge  upon  the  glass,  the  molecules  of  the  surface  of  which  »J* 
polarized  in  opposite  conditions,  but  it  also  penetrates  into  lt* 
substance  for  a  certain  distance.     That  this  is  the  case  is  sho*** 
by  the  fact,  that  if  a  Leyden  vial  is  charged  and  allowed    *° 
stand  for  a  time,  and  then   discharged  and  kept  quiet  a  **? 
minutes,  on  again  applying  the  rod,  another  spark,  small   J* 
comparison  with  the  first,  but  exceedingly  unpleasant  to  rect?  ^ 
when  not  prepared  for  it,  is  experienced.     This  is  the  resid 
spark  or  charge.     It  is  that  portion  which  penetrated  the  gl 
during  the  first  charging  of  the  jar,  and  did  not  complet 
escape  when  it  was  discharged,  as  it  required  time  to  free  itse- 

In  the  vial  the  thinner  the  glass  the  more  powerful  thechar^^ 
Lack  of  homogeneity  in  the  latter  is,  however,  apt  to  favo^^ 
discharge  through  that  medium,  and  destruction  of  the  apparat^- 
follows. 
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804.  Leyden  Batteries. — In  these  a  number  of  Levden  vials  are 
arranged  by  connecting  their  outer  coverings  togetner  by  placing 
them  on  a  board  covered  with  tinfoil.  The  inner  coatings  are 
connected  by  rods.  It  gives  a  spark  when  discharged,  which  is 
in  proportion  to  the  size  and  number  of  jars  entering  into  its 
formation. 

A  battery  of  this  description  is  charged  either  directlv  by  the 
machine  or  charged  by  cascade,  as  it  is  called.  The  latter  is 
accomplished  by  placing  the  jars  on  insulating  supports,  with 
the  outer  coat  of  one  in  juxtaposition  to  the  knob  of  the  inner 
coat  of  the  next,  the  last  of  the  series  connecting  with  earth.  A 
spark  is  then  given  to  the  inner  coat  of  the  first,  one  of  the  same 
nature  leaves  its  outer  coat  to  enter  the  inner  of  the  next,  and  so 
on  throughout  the  whole  line.  By  this  method  the  charge  re- 
quired for  one  is  made  to  charge  the  whole  series.  They  are 
then  placed  in  position — that  is,  their  outer  coats  are  connected 
in  one  series  and  their  inner  in  another,  when  they  are  discharged 
in  the  ordinary  manner. 

805.  Discharge  through  a  Card. — Charge  a  Leyden  jar,  and  then 
intervene  a  card  or  piece  of  pasteboard  between  the  ball  of  the 
discharging  rod,  A,  and  the  outer  coating. 

Approach  the  other  ball  to  that  of  the  jar,  F,G-  836- 

and  discharge  it.     The  charge  forces  itself 

through  the  card,  and  disrupts  its  tissue  in     (     h     \  B 

a  curious  way.     The  aperture  is  not  made 

by  a  force  passing  in  one  direction,  as  a 

needle  driven  through  a  substance  on  one 

aide,  and  drawn  out. with  its  thread  on  the 

other.     This  would  produce  an  indraft  at 

the  entrance,  and  a  fraying  out  of  the  exit. 

This  is  not  what  we  find.    On  the  contrary,    .    ,.    f 

it  is  as  though  two  needles  had  been  forced        nMi  »ni. 

through  in  opposite  directions,  B,  and  their 

threads  drawn  out  at  the  same  time  as  a  shoemaker  stitches. 

This  frays  out  on  both  sides,  and  is  exactly  what  the  electric 

spark  does. 

This  fraying  out  in  both  directions  by  the  passage  of  the  elec- 
tric spark,  is  held  as  important  evidence  in  support  of  the  theory 
of  two  fluids  or  forces.  It  is  easily  explained  on  this  hypothesis, 
the  two  passing  in  opposite  directions  at  the  same  time  to  inter- 
mingle with  each  other. 

806.  Lichtenberg's  Figures. — Take  a  plate  of  shellac,  the  elec- 
trophorus  will  answer.  Charge  a  Leyden  vial,  and  holding  it 
by  the  outer  coating,  trace  a  simple  design  with  the  knob  upon 
the  shellac.     Place  the  former  on  an  insulator,  and  take  hold 

41 
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by  the  knob  and  trace  another  design  on  the  latter  with  the  outer 
coating.  A  mixture  of  finely  powdered  red  lead  and  flowers  oi 
sulphur  is  then  shaken  together  to  electrify  it,  and  dusted  on 
the  surface.  The  powders  immediately  separate,  the  latter  ad- 
heres to  the  pattern  traced  with  the  positive  electricity,  ihe 
former  to  the  negative.  Not  only  are  they  separated,  but  the 
figures  are  entirely  different  in  nature.     The  sulphur  particle* 


selves  in  branching  lint-*,  while  the  rod  lead  tend* 

to  tin'  formation  of  small  circular  spot?.  From  thin  it  would 
win  that  positive  electricity  which  has  attracted  the  forma 
travel?  along  the  surface  more  readily  than  the  negative.  The 
same  effect  is  scon  with  electric  brushes.  These  facts  also  sup- 
port the  theory  of  duality  in  electricity. 
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807.  Holtx  Machine.— -Another  phenomenon  of  induction  is 
he  Holtz  machine,  ae  modified  by  Tocpler.  It  consists  of  two 
(lass  plates,  one  fixed,  A,  and  the  other,  B,  capable  of  rapid 
rotation  by  a  multiplying  wheel  and  band,  C.    Condensers,  D  D, 


md  discharging  rods,  E  E,  also  form  parte  of  the  apparatus. 
The  metallic  brushes,  F  F,  should  touch  the  small  braes  knobs, 
tut  not  the  plate. 

The  machine  being  ready,  see  that  the  plate  revolves  freely 
vithout  striking  anywhere,  then  place  the  discharging  balls 
lore  together,  and  turn  the  wheel  until  sparks  pass  between 
hem.  Then  separate  them  gradually  with  a  piece  of  hard  rub- 
ier. Turning  the  wheel  rapidly,  a  torrent  of  sparks  passes  be- 
ween  the  knobs. 

The  action  is  this:  "The  small  brawn  disks  on  the  anterior 
urface  of  the  plate  when  this  is  revolved  rub  against  the  metallic 
i rushes,  a  small  amount  of  electricity  is  thus  developed  and  car- 
ied  around  to  the  armatures  upon  the  back  of  the  large  station- 
try  plate.  The  initial  charge  is  thus  given  to  this,  which  in  its 
urn  reacts  upon  the  revolving  plate.  fiv  this  novel  arrangement 
lie  old-style  plate  with  windows  is  dispensed  with,  and  the 
Machine  easily  charged,"'  the  action  throughout  being  by  indue- 
.ion. 

By  means  of  this  machine  the  application  of  thin  form  of  elec- 
tricity for  medicinal  purposes  is  made  a  practical  success. 

808.  Condensers. — A  I.eydcu  vial  is.  properly  speaking,  a  con- 
denser, but  the  term  is  usually  applied  to  Hat  sheets  of  glass,  or 
wme  other  electric,  the  two  surfaces  of  which  carry  metallic 
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coatings  which  are  movable  or  not,  and  somewhat  less  in  size 
than  the  sheet  of  glass.  One  of  these,  called  the  collecting 
plate,  is  connected  with  the  machine ;  the  other  with  the  earth, 
and  the  glass  is  between  them.  When  the  machine  has  reached 
the  limit  of  action,  the  face  of  the  plate  connected  with  the 
earth  is  covered  with  negative  electricity  drawn  therefrom,  and 
held  by  the  attraction  of  the  positive  electricity  of  that  attached 
to  the  machine.  On  the  other  hand,  the  latter  not  only  pre- 
sents the  charge  which  the  machine  could  normally  give  it,  bat 
in  addition  that  which  is  induced  by  the  negative  electricity  of 
the  plate  in  connection  with  the  ground. 

By  condensation  we  understand  that  there  is  an  cnormwi 
increase  of  electrical  density  on  a  given  surface  without  increase  $ 
potential. 

809.  Rate  of  Passage. — It  is  related  that  one  of  the  kings  of 
Frauce,  being  desirous  of  determining  the  rate  of  passage  of  an 
electric  current,  ordered  that  180  of  his  guards  should  form  a 
line,  each  man  with  his  hand  upon  the  head  of  his  neighbor. 
The  outermost  men  were  one  to  touch  the  outside  coating  of  a 
Leyden  vial,  the  other  the  knob  communicating  with  the  interior. 
It  was  thought  that  by  this  experiment  it  could  be  determined 
whether  electricity  travelled  from  the  outer  to  the  inner  coat,  or 
in  the  reverse  direction,  whichever  way  it  went  the  man  at  the 
end  of  the  line  from  which  it  started  would  first  be  prostrated. 
A  trial  being  made,  it  was  found  that  all  the  men  were  felled 
at  the  same  moment.  It  was,  therefore,  concluded  that  the 
movement  of  electricity  is  instantaneous. 

Though  not  instantaneous,  the  rate  of  passage  of  an  electric 
spark  is  very  rapid,  and  depends  upon  a  number  of  conditions. 
Among  these  is  the  length  of  the  circuit.  Through  a  distance 
of  half  a  mile,  Wheatstone  found,  by  the  use  of  his  revolving 
mirror,  and  a  break  of  the  current  in  three  places,  two  cloee  to 
the  coatings,  and  the  third  at  a  quarter  of  a  mile  distant  from 
each,  that  there  was  a  retardation  of  the  latter  less  than  one- 
millionth  of  a  second  This,  by  calculation,  gave  a  velocity  of 
288,000  miles  in  a  second,  the  velocity  of  light  being  only  180.000 
miles  in  the  same  time.  In  longer  circuits  the  rate  is  ranch 
slower,  through  3000  miles  of  an  Atlantic  cable  it  required  one 
second  for  the  current  from  a  Daniell  battery  at  one  end  to  gfre 
deflection  in  a  Thomson  mirror  galvanometer  at  the  other. 

The  nature  of  the  conductor,  the  insulation,  and  a  number  of 
other  conditions,  all  have  their  effect.  Other  things  being  equ*'» 
the  velocity  of  dynamic  electricitv  is  less  than  static. 

810.  Duration  of  Spark. — The  electric  spark  lasts  for  a  very 
short  interval  of  time.    Its  brevity  may  be  illustrated  by  meanf 
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01  tbe  revolving  card.  On  this  the  colors  of  the  spectrum  are 
painted  radiating  from  centre  to  circumference.  It  is  driven  by 
clock-work,  and  may  receive  so  rapid  a  rate  of  motion  that  the 
colors  all  blend  together  upon  the  retina,  and  a  uniform  gray 
tint  is  produced.  If  while  in  rapid  rotation  a  Leyden  spark  is 
discharged  in  front  of  it,  every  color  stands  out  as  sharply  as 
though  it  was  perfectly  still.  That  is,  the  spark  has  come  and 
gone  before  it  has  had  time  to  move. 

In  determinations  made  by  Lucas  and  Cazin,  by  means  of 
lines  traced  on  a  revolving  disk,  it  was  found  that  tbe  electric 
*park  lasts  from  23  to  46  ten-mi II ion ths  of  aseeond.  Its  duration 
is  prolonged  by  an  increase  in  the  number  of  Leyden  jarB  iu  tbe 
battery  employed,  and  with  the  striking  distance  between  the 
balls  of  the  discharger. 

811.  Mechanical  Effect. — By  a  powerful  Leyden  discbarge,  glass 
is  perforated,  wood  and  stone  fractured,  gases  and  liquids  de- 
composed. 

If  a  sheet  of  glass  is  supported  upon  a  cylinder  of  glass,  and  a 
pointed  piece  of  brass  touches  it  above,  and  another  below,  on 
making  these  the  terminals  of  discharge  from  a  Leyden  battery, 
the  sheet  is  perforated. 

Let  two  brass  knobs  be  the  terminals  for  an  electric  discharge 

in  the  interior  of  a  glass  tube  an  inch  in  diameter,  and  six  inches 

l°ng.     Tbe  wires  connected  with  the  knobs  must  pass  air-tight 

through  the  glass.     Let  a  tube  an  eighth  of  an  inch  in  diameter 

«-"oniniunieate  with  the  lower  part  of  the  large  tube,  and  be  bent 

twice  at  right  angles  to  it,  so  that  its  continuation  is  parallel  to 

»  t.     Water  is  then  placed  in  the  apparatus  to  such  a  height  that 

*  he  lower  knob  in  the  large  tube  projects  above  it,   When  sparks 

^re  passed  between  the  knobs,  the  fluid  in  the  small  tubes  is 

*iriven    up,  and  the  level  immediately   reestablished,  showing 

*  liat  the  movement  is  not  due  to  heat  but  to  impact  of  the  spark. 

812.  Physical   Effects. — Ether,   bisulphide   of  carbon,   and   a 

*  ■  vi  ruber  of  other  liquids  subjected  to  the  passage  of  an  electric 

^ff'&rk  are  inflamed.     Passed  along  a  very  fine  wire  the  metal 

**»av  be  deflagrated,  or  driven  oft'  in  vapor.     Discharged  upon 

£*"  u  upowder  it  is  projected  in  all  directions,  but  if  delivered  from 

^     wet  string  the  powder  is  ignited.    The  result  in  the  latter  case 

*^     owing  to  diminution  in   the  velocity  of  the  passage  of  the 

"Electricity.     This  principle  has  been  applied  to  ignition  of  gun- 

t**>wder  for   mining  and  engineering  purposes;  the  apparatus 

^&    known  as  the   electric   fuse.     Passed   through  sugar,  eggs, 

"*f  **rious  fruits,  fluorspar,  and  heavy-spar,  they  become  luminous 

Xt»  the  dark.     If  sent  through  a  wire  wound  around  a  glass  tube 
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in  which  knitting  needles  are  placed,  the  latter  are  magnetized; 
it  will  reverse  the  compass  needle. 

If  a  person  wearing  dry  shoes  imitates  the  act  of  skating  on 
the  carpet  of  a  house  warmed  by  a  hot-air  furnace,  and  then 
presents  his  knuckle  to  the  escaping  gas  from  a  burner,  it  will 
be  ignited.  The  use  of  a  strong  electric  spark  for  instantaneous 
ignition  of  a  great  number  of  gas  jets  is  well  known. 

The  luminous  effect  of  the  spark  is  owing  to  ignition  of 
particles  of  matter  in  its  course,  or  of  an  actual  transportation 
of  matter  from  one  terminal  to  the  other.  If  different  metal* 
are  used  as  terminals,  there  will  be  a  passage  of  metal  of  one 
knob  to  the  other,  which  will  in  time  show  a  well-marked 
covering. 

813.  Chemical  Effects. — Gases,  such  as  oxygen  and  hydrogen, 
which  act  on  each  other,  if  mingled  in  proper  proportion 
and  submitted  to  the  electric  spark  immediately  combine.  If 
either  is  in  excess,  it  may  require  a  number  of  sparks  to  secure 
complete  union  of  the  one  deficient.  •  Passed  through  moist  air, 
its  nitrogen  and  oxygen  are  forced  to  unite,  especially  in  the 
presence  of  a  solution  of  potassa,  nitric  acid  being  produced. 

Many  compound  gases,  as  ammonia,  sulphuretted  hydrogen, 
etc.,  are  decomposed.  Carbon  dioxide  is  separated  into  oxygen 
and  carbon  monoxide.  Iodide  of  potassium  is  decomposed  and 
its  iodine  freed,  so  that  it  will  strike  a  blue  color  with  solution 
of  starch.  Ordinary  oxygen  is  converted  into  ozone,  and  a  host 
of  other  examples  might  be  cited. 

814  Physiological  Effects  on  living  beings,  or  on  those  recently 
deprived  of  life.  In  the  first  case,  there  is  violent  excitement 
the  result  of  action  on  the  parts  themselves,  or  on  the  nervous 
centres.  In  the  second,  muscular  contractions  imitating  a  res- 
toration to  life. 

With  large  Leyden  batteries  small  animals  can  be  kiM- 
Rats  are  killed  with  batteries  of  seven  square  feet  of  surface, 
and  cats  with  one  of  five  square  yards  of  coated  surface. 

Among  the  results  of  the  action  of  powerful  discharges  are 
"  burns,  superficial  and  deep,  ecchymoses,  stripping  of  the  ski° 
off  the  whole  body,  deafness,  amaurosis,  paralysis,  lesions  ot 
the  vascular  system,  transudations  of  liquids,  and  rapid  putre- 
faction. Sometimes  the  bones  are  broken,  the  limbs  torn  and 
separated.  In  one  instance  the  head  of  a  man  struck  by  light- 
ning was  crushed  as  by  a  powerful  blow.  On  the  other  hand, 
strokes  of  less  intensity  have  cured  old  diseases.  Among  other 
singular  effects  are  the  more  or  less  complete  stripping  off  the 
clothing/' 


ATMOSPHERIC    ELECTRICITY.  647 


CHAPTER    XLIY. 

ATMOSPHERIC  ELECTRICITY. 

Lightning  identical  with  machine  electricity — Electric  state  of  atmosphere — 
Variation  in  amount  and  character — Origin  of  atmospheric  electricity — 
Lightning — Thunder — Return  shock — Lightning-rod — Aurora  boreal  is. 

815.  Lightning  Identical  with  Machine  Electricity. — For  this  dis- 
covery we  are  indebted  to  Franklin,  who  had  made  proposals  to 
parties  in  France  for  the  demonstration  in  question.  While 
waiting  for  the  erection  of  a  steeple  in  Philadelphia,  by  which 
he  proposed  to  prove  the  truth  of  his  hypothesis,  and  fearing 
le*t  he  might  be  anticipated,  he  determined  to  resort  to  the  use 
of  a  kite  whenever  a  promising  thunderstorm  appeared. 

For  this  purpose  he  armed  the  sticks  of  a  kite  with  needles, 
and  established  electric  communication  between  these  and  the 
hempen  string  by  which  it  was  raised.  On  a  day  when  clouds 
indicated  the  approach  of  a  storm  he  sallied  out  with  his 
little  son,  to  give  color,  as  he  says,  to  the  expedition,  and 
taking  with  him  the  kite,  the  front  door  key  of  his  house, 
and  a  pair  of  cork  balls  connected  by  thread,  they  went  to 
some  adjacent  fields.  Here  the  kite  was  raised,  and  the  string 
passed  through  the  handle  of  the  key,  which  served  as  a  prime 
conductor.  It  was  insulated  bv  means  of  a  silken  cord.  A 
promising  cloud  approached  and  he  presented  his  knuckle  to  the 
key  but  tailed  to  get  a  spark.  After  a  few  failures,  and  just  as 
he  was  about  to  give  up  the  experiment,  a  few  drops  of  rain  fell, 
and  he  remarked  that  the  fibres  of  the  string  were  repelling 
each  other  and  standing  out  from  it.  Presenting  his  knuckle  to 
the  key  he  received  a  pretty  sharp  spark.  Suspending  the  cork 
balls  to  the  lower  part  of  the  key,  they  strongly  repelled  each 
other.  Thus  by  exceedingly  simple  contrivances,  Franklin 
demonstrated  the  identity  of  the  spark  of  the  machine  with  the 
lightning  flash,  and  showed  that  the  apparent  difference  be- 
tween them  was  onlv  one  of  intensitv  and  not  of  quality. 

816.  Electric  State  of  Atmosphere. — Electricity  exists  in  the  air 
not  only  in  clouds,  but  a  difference  may  always  be  found  be- 
tween a  given  station  and  a  point  above  it.  Various  methods 
have  been  resorted  to  for  the  demonstration  of  such  electric  dis- 
turbances. Among  these  we  may  mention  the  projection  of  a 
ball  into  the  air,  the  discharge  of  arrows,  kites,  captive  balloons, 
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the  projection  of  an  iron  rod,  which  is,  however,  a  dangerous 
plan  and  cost  pne  experimenter  his  life.  Finally,  the  appa- 
ratus of  Sir  W.  Thomson,  which  consisted  of  a  small  tank  of 
water  placed  on  the  sill  of  a  window,  from  this  an  insulated 
tube  projected  into  the  air  on  the  outside,  and  from  it  the  water 
was  allowed  to  drip  slowly.  These  appliances  served  for  the 
collection  of  atmospheric  electricity,  the  means  for  examination 
were  electroscopes,  either  straw,  pith  balls,  or  gold  leaf. 

A  gold-leaf  electrometer  with  a  rod  four  or  five  feet  in  length 
vertically  projecting  from  it,  will,  in  the  open  air,  easily  detect 
the  difference  in  electric  condition  between  the  stratum  in  which 
it  is  placed  and  that  reached  by  the  point  of  the  rod.  Peltier  used 
a  gold-leaf  electroscope  on  the  top  of  which  was  a  copper  globe. 
Such  an  instrument  raised  a  foot  or  two  shows  the  variation  in 
electric  condition  between  the  two  strata. 

817.  Variation  in  Amount  and  Character. — By  means  of  the  con- 
trivances mentioned  in  the  last  paragraph,  the  presence  of  free 
electricity  in  the  atmosphere  is  invariable  detected.  When  the 
air  is  perfectly  clear  it  is  always  positive,  varying  in  amount 
with  the  height  of  the  locality  and  the  time  of  day.  It  is  uot 
found  in  houses,  streets,  or  under  trees,  but  in  the  vicinity  of 
bridges  and  docks,  and  other  open  spaces.  On  flat  land  it  is 
usually  perceptible  about  five  feet  above  the  ground. 

At  sunrise  the  charge  is  feeble,  it  increases  up  to  11  o'clock, 
it  then  decreases  until  just  before  sunset,  and  reaches  a  second 
maximum  a  few  hours  after  the  sun  passes  below  the  horizon. 
These  variations  follow  closely  upon  those  of  the  barometer,  *&<* 
the  finer  the  weather  the  better  they  are  marked. 

With  a  clouded  sky  the  electricity  is  sometimes  positV*^ 
sometimes  negative.  It  often  changes  in  this  respect  sev^* 
times  in  the  course  of  the  day. 

818.  Origin  of  Atmospheric  Electricity. — Though  our  knowle^^ 

is  not  positive,  it  is  generally  conceded  that  it  originates  in     ^ 
evaporation  of  water.     An  essential  condition  seems  to  be,  t  -~ 
the  water  must  contain  a  saline  bodvin  solution;  that  distil 
does  not  show  any  disturbance  in  its  evaporation. 

Becquerel  considers  that  the  earth  is  an  immense  reserv  *~ 
of  electricity.  He  has  shown  that  when  earth  and  water  co 
in  contact,  it  is  produced,  the  former  taking  either  positive 
negative,  and  the  latter  the  opposite.  He  made  his  exami 
tions  with  platinum  plates  immersed  in  different  moist  1 
ties,  or  in  earth  and  in  water,  and  connected  with  a  multipli 
Evaporation  from  either  source  would  carry  the  electricity 
the  region  into  the  air,  and  thus  account  for  its  presence  therei 

Clouds  are  all  electrified,  some  positively,  some  negative 
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The  positive  condition  is  usually  found  in  those  formed  from 
vapors  set  free  from  the  ground  and  condensed  in  the  upper 
regions  of  the  air.  Negative  are  thought  to  result  from  fogs 
which  have  obtained  their  charge  from  the  earth. 

It  is  not  at  all  improbable  that  the  source  of  electricity  of  the 
air  is  the  friction  of  solid  and  liquid  particles  against  each  other 
or  against  the  earth  as  they  are  driven  by  wind.  The  strong 
electric  excitement  present  when  dry  snow  is  driven  by  wind, 
strongly  supports  this  theory  of  its  origin. 

819.  Lightning  is  the  discharge  of  a  charged  cloud.  In  lower 
regions  it  is  white,  but  in  upper  rarefied  strata  it  is  violet.  The 
flashes  are  often  between  points  several  leagues  apart,  and  gen- 
erally in  a  zigzag  course.  This  is  attributed  to  the  resistance  of 
air  to  its  passage. 

Lightning  is  of  different  kinds.  1st.  The  zigzag  or  linear, 
which  moves  with  exceeding  velocity.  2d.  Sheet,  filling  the 
entire  horizon  and  without  distinct  shape;  this  is  the  more 
common  form,  and  seems  to  envelop  the  cloud  as  though  it  were 
a  brush-like  discharge.  3d.  Heat  lightning  is  without  the  appear- 
ance of  clouds  and  without  sound.  This  absence  of  noise  is 
probably  due  to  its  great  distance.  4th.  Globe  lightning,  wherein 
the  discharge  takes  the  form  of  a  globe  of  fire.  The  movement 
is  comparatively  slow,  being  often  in  view  for  ten  seconds  as  it 
descends.  It  sometimes  rebounds  on  reaching  the  ground,  and 
often  explodes  with  a  deafening  noise  ;  this  form  is  rare. 

The  course  of  the  discharge  is  usually  from  the  cloud  to  the 
earth.  The  latter  by  induction  becomes  charged  with  the  op- 
posite electricity,  when  their  tension  exceeds  the  resistance  of 
air  the  two  combine,  the  spark  passing.  Ascending  lightning 
is  occasionally  observed.  In  this  case  the  clouds  are  probably 
electrified  negatively,  the  earth  then  having  a  positive  charge, 
it  passes  upwards,  since  the  latter  passes  through  air  more 
readily  than  a  negative  charge. 

During  a  thunderstorm  vicinity  to  trees,  elevated  buildings, 
and  metallic  masses  should  be  avoided.  Lightning  discharge 
striking  a  sandy  soil  melts  the  silica  and  produces  fulgurites  or 
glassy  tubes,  often  thirty  to  forty  feet  in  length. 

820.  Thunder  is  the  report  which  follows  a  lightning  discharge. 
The  two  are  produced  simultaneously,  the  time  required  by 

sound  to  travel  through  air  makes  the  thunder  seem  to  fol- 
low the  lightning.  The  rate  of  movement  is  about  1100  feet 
per  second,  therefore,  the  distance  of  the  flash  can  be  easily 
calculated  by  observing  the  time  between  it  and  the  peal. 
When  lightning  strikes  near  at  hand,  the  thunder  is  one  terrific 
deafening  crash.     At  a  distance  it  takes  on  a  rolling  character, 


as  the  reports  are  beard  in  succession.     If  increased  to  fifteen 
miles,  the  discharge  is  no  longer  heard  though  the  flash  is  s 

821.  Return  Shock  is  experienced  by  persona  at  a  distance 
from  the  locality  where  lightning  strikes.  It  is  a  result  of  in- 
duction. They  are  charged  with  induced  electricity  of  the 
opposite  sign  to  that  of  the  cloud ;  when  the  latter  is  discharged 
induction  ceases,  and  the  persons  reverting  rapidly  from  the 
charged  to  a  neutral  state  the  return  shock  is  the  result. 

It  is  less  violent  than  the  direct,  yet  many  cases  might  be- 
cited  in  which  it  has  killed  men  and  animals. 

822.  The  Lightning-rod  was  invented  by  Franklin,  in  1755.  It 
consists  of  a  copper  or  iron  rod,  which  passes  the  electricity 
from  the  ground  to  the  excited  cloud,  unitiug  the  two  in  a 
harmless  manner.     The  essentials  in  a  rod  are: 

1st.  The  terminal  point  must  be  perfeet. 

To  secure  this,  the  points  should  be  platinized  or  gilt  to  pro- 
tect them  from  the  action  of  damp  air. 

'2<\.   Projection  to  n  sufficient  distance. 

The  rod  should  project  from  six  to  ten  feet  above  the  ad- 
jacent parts  of  the  building.  It  must  also  offer  a  perfect  metallic 
communication  from  point  to  termination  in  the  earth.  Its  sec- 
tion should  be  at  least  half  an  inch  square,  so  it  will  not  melt 
if  lightning  discharges  upon  it. 

3d.  Connection  with  extended  metallic  surfaces. 

All  metallic  objects  of  any  extent  in  the  building  must  be 
connected  with  it,  otherwise  there  is  danger  of  lateral  dis- 
charges. 

4th.  Perfect  communication  with  wet  earth  below. 

There  should  be  the  most  complete  communication  between 
the  rod  and  wet  earth.  It  must  never  terminate  under  a  veran- 
dah or  piazza,  but  in  the  country  it  is  better  to  lead  it  to  a 
well,  spring,  or  some  other  permanently  wet  spot.  If  no  such 
place  is  near  by,  a  hole  six  or  seven  yards  deep  may  be  dug,  and 
the  conductor  divided  into  three  or  four  strips  and  led  into  it. 
and  the  Bpace  filled  with  powdered  coke.  In  the  city  it  can 
communicate  with  the  water  pipes. 

823.  Anrora-borealis,  or  northern  lights,  is  an  electric  phenom- 
enon, some  times  of  great  beauty,  seen  at  either  pole.  It  M&Shtx 
of  streamers  or  bars  of  light,  which  in  the  finest  displays  con- 
stitute a  complete  cupola.  These  are  agitated  by  an  uudulatory 
roovemeut,  and  from  time  to  time  exhibit  great  variations  in 
brilliancy.  Convergence  of  the  streamers  is  to  a  point  indicated 
by  the  northern  end  of  the  dipping  needle  in  the  northern  hemi- 
sphere.   Their  color  varies  through  red,  green,  and  yellow. 
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In  north  polar  regions,  150  auroras  were  observed  in  200 
days,  nights  without  one  were  an  exception  to  the  rule.  Their 
extent  is  sometimes  wonderful,  the  same  display  having  been 
observed  at  Moscow,  Warsaw,  Rome,  and  Cadiz.  Their  height 
is  from  90  to  460  miles. 

Their  action  on  the  magnetic  needle  proves  that  they  are  due 
to  electric  currents  in  the  higher  regions.  They  frequently 
interfere  seriously  with  the  working  of  telegraphs.  Their  spec- 
trum gives  five  lines  in  the  green,  a  faint  one  in  the  blue,  and 
a  red ;  these  are  probably  due  to  nitrogen. 
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CHAPTER    XLV. 

THE  VOLTAIC  CELL. 


ynamics  defined — Fir.-l  itbservation? — V'iKii's  pile — Origin  of  v.dtnio 
iricity— Tbe  simple  cell— The  electric  current— El ectroinotivB  force — 
ntity  and  intensity — Enfrehlement  and  local  a- 

Eleetro dynamics  Defined. — Machine  electricity,  which  has 
ir  been  the  subject  of  our  study,  is  electricity  iu  the  static 
»r  condition  of  rest.  It  is  that  of  tension.  To  uuder- 
raore  clearly  its  nature  and  the  difference  between  it  and 
m  we  are  about  to  examine,  it  is  convenient  that  we  re- 

as  a  fluid  according  to  the  original  hypothesis.  As  we 
luids  first  in  their  stationary  condition  under  the  science 
rostatics,  and  afterwards  in  movement,  as  hydrodynamics, 
i  electricity,  we  may  examine  it  first  in  the  eltctroatattc, 
un  in  the  electrodynamie,  or  condition  of  movement. 

First  Observations. — In  1750  Sulzer  observed,  that  if  two 

were  placed,  one  on  the  tongue  and  the  other  beneath  it, 
lortions  projecting  from  the  mouth  were  touched  to  each 
a  strong  metallic  taste  was  perceived.  If  one  was  placed 
he  conjunctiva,  and  the  other  upon  the  tongue,  and  then 
it   together,  a  brilliant  flash  of  light  was  seen.     These 

were  attributed  to  a  development  of  electricity. 
770,  Galvani  made  his  famous  experiment  with  frogs'  legs. 

time,  he  was  studying  the  effect  of  atmospheric  eleetricitv 
hese  animals.  For  this  purpose  he  had  attached  a  pair  of 
'  a  copper  hook  to  an  iron  balcony.  Each  time  tbjtf  the 
Dushed  them  against  the  iron  violeut  contractions  were 
red.  A  further  examination  of  the  phenomena  ehowed, 
hen    communication  was  made  between  a  nerve  and  a 
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muscle  by  a  single  metal,  contraction  of  the  latter  followed.  If 
made  by  two  metals,  as  zinc  and  copper  twisted  together  at  one 
end,  and  the  other  ends  applied,  one  to  the  nerve,  the  other  to 
the  muscle,  the  contractions  were  more  violent  Galvani  ex- 
plained the  phenomena  upon  the  hypothesis  of  two  electricities, 
one  in  the  muscle,  the  other  in  the  nerve,  and  regarded  the 
metal  as  acting  the  part  of  a  discharging  rod. 

Close  upon  this  came  the  experiment  of  Volta,  who  believed 
that  electricity  was  the  result  of  contact  between  two  metals. 
Though  Volta  was  mistaken  as  regards  its  origin,  his  work  was 
of  great  value,  since  it  resulted  in  the  production  of  Volta's  pile, 
which  was  the  tirst  electric  battery. 

826.  Volta's  Pile. — In  this  the  principle  of  an  increase  in  in- 
tensity of  the  electric  disturbance  by  an  additional  number  of 
elements  is  recognized.     The  apparatus  consists 
of  several  disks    of  zinc,  cloth   wet    with   sul-         Fl°-  839- 
phuric  acid,  and  copper.     These  are  built  up  in 
a  vertical  pile,  beginning  at  C,  in  the  order  zinc, 
cloth,  copper,  zinc,  cloth,  copper,  the  substances 
being  laid  on  in  that  series  until  a  pile  of  thirty 
to  fifty  sets  is  made.     Wires  are  then  attached, 
one  to  C  at  the  lower  end,  and  the  other  to  Z  at 
the  upper.     Through  these  the  effects  are  trans- 
mitted ;  they  are  called  poles,  polar  wires,  terminals 
and   electrodes.     In  ordinary  batteries   that   con- 
nected with  the  copper,  or  platinum  element,  is         vuitaicpiie. 
called  the  anode,  positive,  +,  copper,  or  platinum 
pole.     That  to  the  zinc,  the  cathode,  negative,  minus,  — ,  or  zinc 
pole.     In  the  arrangement,  Fig.  839,  the  terminal  metals  really  act 
as  collectors.     Their  character  in  this  respect,  therefore,  is  reversed. 

When  the  polar  wires  are  brought  in  communication  then 
separated,  a  minute  spark  is  seen,  which  in  all  respects  except 
that  of  size  is  a  perfect  counterpart  of  the  machine  spark.  The 
snapping  sound  is  also  heard  when  contact  is  broken.  If  ex- 
amined by  the  gold-leaf  electroscope  the  leaves  are  repelled.  In 
all  respects,  therefore,  this  resembles  the  ordinary  machine 
electricity,  except  in  its  tension,  or  the  distance  through  which 
it  can  strike  from  one  conductor  or  polar  wire  to  another. 

Bodies  which  convey  machine  electricity  well  are  good  con- 
veyors of  this  form;  those  which  conduct  it  poorly  are  likewise 
poor  conductors  for  this  variety. 

To  electricity  produced  by  Volta's  pile  the  name  of  Voltaic 
is  given.  Since  Galvani  had  antedated  him  in  his  observations 
on  its  character  his  admirers  called  it  Galvanic.  It  is  also 
known  as  battery  and  primary. 
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827.  Origin  of  Voltaic  Electricity  is  in  chemical  action  gener- 
ally between  a  solid  and  fluid,  in  which  the  former  is  attacked 
or  dissolved.  It  has  been  amply  demonstrated  by  Becquerel, 
Faraday  and  many  others,  that  when  this  is  initiated,  and  while 
it  lasts,  there  is  development  of  electricity ;  when  it  ceases,  the 
electricity  ceases.  Many  experiments  might  be  advanced  in 
support  of  this  hypothesis,  among  them  we  cite  the  following*. 

1st.  Take  a  plate  of  pure  zinc  to  which  a  polar  wire  is  at- 
tached, also  one  of  platinum  with  its  polar  wire.     Plunge    the 
two  in  a  vessel  containing  dilute  sulphuric  acid  (water  20,  aci^^V 
keeping  them  at  a  distance  from  each  other.     While  they  <2°n" 
tinue  apart  there  is  no  chemical  action  on  either.     Now  let  &e 
polar  wires  touch,  and  it  at  once  begins.     The  zinc  slowly     dis- 
solves,  and  hydrogen  gas  escapes  from  the  surface  of  platinv  ^m- 
Separate  them,  an  electric  spark  is  seen,  and  at  once  all  ac  *t°u 
ceases. 

The   establishment  of  a  communication   between    the 
metals  of  a  battery  is  called  closing  the  circuit;  the  opposite 
breaking  or  opening  it. 

2d.  Solder  two  golden  wires  to  the  extremities  of  a  condu 
and  plunge  it  into  nitric  acid,  which  does  not  acton  gold:  t 
is  no  electric  action.  Now  pour  hydrochloric  acid  into 
vessel :  the  gold  is  at  once  acted  upon  by  the  aqua  regia,  a 
current  is  produced. 
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828.  The  Simple  Cell. — In  the  construction  of  galvanic 
teries  it  is  not  easy  to  procure  pure  zinc.     The  ordinary  zin 

commerce  is  acted  on  by  dilute  sulphuric  atf 
This  difficulty  is  surmounted  by  using  that  whSr 
has   been   amalgamated,   or   bears  a  coating 
mercury. 

Amalgamation  of  zinc.  Cleanse  the  surface  th^ 
oughly  with  dilute  sulphuric  acid  (one  of  acid  to  t 
or  fifteen  of  water).  When  perfectly  clean  po 
mercury  over  it,  this  at  once  unites  with  it,  ai 
gives  a  clean,  brilliant,  metallic  coating.  If 
are  any  spots  which  do  not  coat  well,  the  actic^ 
may  be  hastened  by  friction  and  fresh  application 
of  acid.  Amalgamating  fluids  are  recommende 
but  they  evolve  an  irritating  odor  in  their 
If  the  process  we  have  described  is  properly  ma: 
aged,  it  can  be  accomplished  very  quickly. 

The  zinc  having  been  amalgamated,  it  is  attached  to  a  wit 
by  means  of  an  arrangement  of  binding  screws,  and  set  in 
glass  vessel  that  is  to  contain  the  fluid  with  which  the  cell 
to  be  charged.     A  plate  of  copper  the  same  size  as  the  zin 
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with  a  wire  attached  hy  a  binding  screw,  is  then  placed  in  the 
*11.     Dilute  sulphuric  acid  (1  of  acid  to  15  or  20  of  water)  is 

ured  into  the  vessel. 

While  the  circuit  ia  not  established  there  is  no  action,  but  when 
.1  is  closed  there  is  electric  disturbance,  the  zinc  being  dissolved, 
and  hydrogen  escaping  from  the  copper  surface.  At  the  first 
moment  ot  closing  the  electric  action  is  very  strong,  but  it  in- 
stantly falls  very  low,  owing  to  formation  of  bubbles  of  hydrogen 
on  the  copper,  which  reduce  enormously  the  extent  of  contact 
between  that  metal  and  the  fluid,  and  cut  down  the  chemical 
action  in  proportion. 

To  avoid  this  reduction  by  gas  formed  on  the  copper  various 
devices  are  resorted  to,  among  them  is  the  use  of  double  fluid 
batteries. 

829.  The  Electric  Current. — So  long  as  chemical  action  con- 
tinues, and  the  circuit  is  closed,  there  is  a  continuous  flow  of 
electrieitv  through  the  wire  connecting  the  two  metals.  There- 
fore, it  is  called  dynamic,  in  contradistinction  to  the  static 
variety.  The  tension  of  this  current  is,  moreover,  exceedingly 
feeble,  which  is  an  essential  difference  between  this  and  machine 
electricity. 

It  ie  not  necessary  that  one  of  the  metals  should  not  be  acted 
upon  at  all  by  the  liquid,  only  that  one  should  be  more  sus- 
ceptible than  the  other. 

The  metal  upon  which  the  action  is  most  energetic  is  the 
generating  plate,  or  metal  of  higher  potential;  the  other  the  col- 
lecting, or  plate  of  lower  potential.  Direction  of  the  current 
is  determined  by  the  positive  metal.  The  current  commences 
on  it,  passes  through  the  liquid  to  the  negative  plate,  thence  hy 
the  polar  wire  to  the  positive,  completing  the  circuit.  Its 
direction  is  always  in  relation  to  the  positive  electricity. 

Voltaic  electricity  arises  whenever  two  metals  are  placed  in 
a  liquid  which  acts  more  strongly  on  one  than  on  the  other. 
Tlicv  have,  therefore,  been  arranged  in  tables,  which  express 
llicir  relations  to  each  other  in  this  respect.  These  are  called 
dectroniotict  series.  The  electropositive  are  at  one  end,  the 
electronegative  at  the  other,  the  intermediate  being  arranged 
according  to  their  relative  value.  Any  two  of  the  following 
metals   placed   in   dilute  acid,  the  current  will   pass  from   the 

wer  to  the  higher,  Iron,  for  example,  is  i-lcctroiicgutive  to 
zinc  and  electropositive  to  silver. 


1.  Zinc. 

:,.    Ir.-rj. 

10.  Silver. 

2    Cadmium. 

6.    Nickel. 

ii   <;<>!(]. 

3.  Tin. 

T.  Biamiilh. 

1-.'    I'k.riuiiiii. 

4.  Lead. 

8.  Antimony. 

IS,  Qnptttt 
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830.  Electromotive  Force  is  that  by  virtue  of  which  electric 
effects  are  produced  in  a  circuit,  consisting  of  a  liquid  and  two 
metals  acting  unequally  upon  it.  The  electromotive  force  is 
greater  in  proportion  as  the  metals  are  distant  from  each  other 
in  the  series.  Indeed,  it  is  the  sum  of  the  electromotive  forces 
between  all  the  intervening  metals.  Condition  of  the  metal 
influences  it ;  rolled  zinc  is  negative  to  cast  zinc.  Concentration 
of  the  liquid,  and  its  nature  also  have  their  influence. 

The  following  table  exhibits  the  effects  of  different  solutions: 


Caustic  potassium. 

Hydrochloric  acid. 

Sulphide  of  potaaium 

Zinc. 

Zinc. 

Zinc. 

Tin. 
Cadmium. 

Cadmium. 
Tin. 

Copper. 
Cadmium. 

Antimony. 
Lead. 

Lead. 
Iron. 

Tin. 
Silver. 

Bismuth. 
Iron. 

Copper. 
Bismuth. 

Antimony. 
Lead. 

Copper. 
Nickel. 

Nickel. 
Silver. 

Bismuth. 
Nickel. 

Silver. 

Antimony. 

Iron. 

831.  Quantity  and  Intensity. — The  larger  the  size  of  the  metal 

flates  employed,  the  greater  the  quantity  of  electricity  developed, 
n  Hare's  deflagrator  very  extensive  surfaces  of  copper  and  zinc 
were  used,  the  action  of  which  when  they  were  suddenly  im- 
mersed in  acidulated  water  was  so  great,  as  instantly  to  dissipate 
polar  wires  of  small  diameter.  Tension  or  intensity,  on  the 
other  hand,  depends  upon  the  number  of  cells  or  cups  in  the 
circuit.  The  greater  their  number  the  more  intense  the  tension, 
until  with  batteries  of  five  hundred  an  electric  arc  of  several 
inches  length  is  obtained.  For  ordinary  purposes  fifty  make  a 
very  serviceable  battery. 

832.  Enfeeblement  and  Local  Action. — The  principal  causes  of 
decrease  in  the  action  of  a  battery,  are :  1st.  Gradual  neutrali- 
zation  of  the  acid  and  its  conversion  into  sulphate  of  zinc 
This  is  remedied  by  addition  of  acid.  2d.  Formation  of  small 
closed  circuits  on  the  zinc,  whereby  it  is  corroded  without 
yielding  anything  to  the  current  traversing  the  polar  wires. 
This  is  called  local  action;  it  is  rectified  by  reamalgamating  the 
zinc.  3d.  Formation  of  a  layer  of  hydrogen  on  the  copper  plate, 
reducing  contact  between  the  copper  and  liquid.  This  is  called 
polarization  of  the  plate.  4th.  Hydrogen  reacting  on  the  zinc 
sulphate  formed  in  the  solution  causes  it  to  be  precipitated 
upon  the  copper,  hence,  in  place  of  having  two  metals  with  dif- 
ferent relations  to  the  liquid,  this  lessens,  and  in  extreme  cases 
is  entirely  lost.  5th.  Production  of  inverse  electromotive  action. 
which  either  partially  or  entirely  neutralizing  the  original  car- 
rent. 
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CHAPTER   XLVI. 

BATTERIES  AND  THEIR  PHYSICAL  EFFECTS. 


igle  fluid  lotteries-  -Double  fluid  batteries— Cure  of  battorie*—  Mm 
electricity — Methods    of   coupling — Dry   piles — Faure's    accumulator — The 
(park— The  arc — Ignition  effeetn—  Deflagration. 

833.  Single  Fluid  Batteries. — Craiksltank's  consists  of  a  wooden 
jugh  separated  into  cells  by  plates  of  copper  and  zinc  soldered 
gether.     These  are  filled  with  dilute  sulphuric  acid  (1  of  acid 

15  or  20  of  water).  By  inclining  the  trough  on  one  side,  the 
ii<l  can  be  passed  along  the  edge  and  the  cells  all  filled  to  the 
me  level,  with  leant  loss  of  time.    Polar  wires  are  then  attached 

the  metals  at  the  ends. 

Wotldston's.  Liquid,  dilute  sulphuric  acid,  is  placed  in  sepa- 
te  jars.  Each  is  provided  with  copper  and  zinc  elements. 
!ieae  are  double-coppered — that  is,  the  copper  is  bent  to  be 
ipositc  both  sides  of  the  amalgamated  zinc  surface.  The  metals 
c  then  attached  to  a  frame,  so  they  can  be  simultaneously  low- 
ed into  the  jars  of  acid. 

Stnre's.  Liquid,  dilute  sulphuric  acid.  Metals,  amalgamated 
nc  and  platinum,  or  platinized  silver,  to  favor  escape  of  hy- 
•ogen. 

Walker's.  Liquid,  dilute  sulphuric  acid;  elements,  amalga- 
ated  zinc  and  platinized  carbon :  is  equal  to  the  Smce,  and 
■eaper. 

Simple  cupric  sulphate.     Liquid,  strong  solution  Fw.  341. 

'cupric  sulphate;  metals,  non-amalgamated  zinc 
id  copper. 

Grenet  or  bichromate.  Liquid,  electropoion,  L, 
hich  consists  of  sulphuric  acid  and  potassium 
ehr ornate, each  one  pound,  water  twenty  pounds. 
[omenta,  amalgamated  zinc,  Z,  and  carbon,  C. 
ig.  341.  The  former  should  be  raised  out  of  the 
^uid  by  the  button  B,  when  not  in  use.    This 

the  ordinary  battery  now  supplied  with  small 
,agnetoclectric  coils  for  medical  purposes.  It 
us  great  electromotive  force,  and  resistance  ib 
nail.  If  air  is  blown  through  the  cells,  or  if  the 
uid  or  elements  are  agitated,  action  is  improved. 

Lecfanchf.  Liquid,  saturated  solution  of  ammonium  chloride. 
Electropositive  metal,  amalgamated  zinc.     Electronegative  elc- 
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merit,  a  porous  cell  occupied  by  a  carbon  plate,  the  remainder 
being  filled  with  oxide  of  manganese,  in  coarse  powder,  and 
small  pieces  of  gas  carbon.  Works  a  long  time,  requires  water 
to  make  up  Iosb  by  evaporation. 

Colland's  gravity.  Elementa,  a  plate  of  copper,  C,  Fig.  342, 
connected  to  an  insulated  wire.  TMb  is  placed  in  the  bottom  of 
a  jar,  and  covered  with  crystals  of  cupric  sul- 
phate. The  jar  is  then  filled  with  water,  and 
the  zinc  element,  Z,  suspended  therein.  The 
zinc  sulphate  which  forms  floats  on  the  sur- 
face of  the  cupric  sulphate,  S.  Is  vert 
constant  if  loss  by  evaporation  is  replaced. 
Pulvermactter's  chain  consists  of  small  cyl- 
inders of  wood  oil  which  zinc  and  copper 
wires  are  spirally  coiled,  each  being  in- 
Bulated  from  its  neighbor.  It  is  thrown 
into  action  by  dipping  into  acidulated  water. 
Is  not  constant. 

834.  Double  Fluid  Batteriei. — BanieH'i. 
Elements,  amalgamated  zinc,  Z,  and  copper, 
C.  Fig.  343.  A  glaBS  cell  containing  satu- 
rated cupric  sulphate,  S.  Inside  of  the  copper  cylinder  fit*  a 
porous  cell  containing  sulphuric  acid,  A,  and  into  this  the  line. 
Z,  dips.    Ib  very  constant.     Serves  as  a  standard. 


~*-»* 


IMeitdiiiijfr'x.  Elements,  amalgamated  zinc  and  copper.  Strong 
solution  of  magnesium  sulphate  containing  the  zinc,  and  crystals 
of  cupric  sulphate  cover  the  copper.  No  porous  cell,  is  a 
gravity  battery  and  very  constant. 

Grore's.  Elements,  amalgamated  zinc  and  platinum.  DilQt* 
sulphuric  acid  is  placed  in  a  glass  cup,  S,  Fig.  344,  in  this  the 
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line,  Z,  is  put;  then  a  porous  earthenware  jar,  N,  filled  with 
nitric  acid  into  which  the  platinum,  P,  of  the  next  eell  dips. 

T^ndaWs,  Elements  as  hi  the  last,  and  fluids  the  same.  In 
place  of  glass,  rectangular  cups  of  rubber;  the  porous  cells  the 
game  shape,  and  only  half  an  inch  wide.  Has  great  power,  and 
well  adapted  for  lecture-room  experiments.     Packs  into  small 

■  apace. 
Hansen's.    Elements,  amalgamated  zinc  aud  carbon.    Vessels, 
a  glass  jar  aud  porous  cup.    Liquids,  dilute  sulphuric  and  strong 
nitric  acid. 

Bichromate.  Same  as  Bunsen's,  but  charged  with  electropoioa 
in  place  of  nitric  acid. 

835.  Care  of  Batteries. — In  those  only  used  at  considerable  in- 
tervals, the  porous  cups  must  be  well  cleansed  before  they  are 
put  away.  Soaking  for  two  or  three  days  in  water,  changed 
three  or  four  times,  suffices.  If  this  is  not  done,  they  deteriorate 
very  rapidly,  and  their  usefulness  is  impaired.  Forms  in  which 
carbon  is  employed  should  also  be  carefully  cleuned,  the  carbon 
remaining  in  water  for  three  days,  and  the   latter  repeatedly 

I  changed.     By  attending  to  the  cleansing  of  a  battery,  it  can  be 
used  for  many  years,  otherwise  it  is  soon  destroyed. 
836.  Measurements  of  Electricity. — The  following  table  repre- 
sents the  electromotive  force  of  some  of  the  ordinary  batteries 
in  use.     The  unit  of  comparison  is  a  Daniell's  cell; 
Daniell's  element 1.00 
LeclanohC*    •■ L«2 
BunseiTs         " 1.77 
Grove'*            '■ 1.82 
The  greatest  electromotive  force  was  obtained  by  Beetz  from 
elements  consisting  of  potassium  amalgam  in  caustic  potash, 
with  manganese  dioxide  in  solution  of  potassium  permanganate. 
It  possessed  three  times  the  strength  of  the  Daniell. 
The  standard  of  electromotive  force  is  the  Volt,  it  is  a  little 
less  than  that  of  a  Daniell's  cell,  which  may  betaken  as  1.12  Volt. 
The  unit  of  current  is  a  Wlber,  which  is  equal  to  an  electro- 
~3notive  force  of  one  Volt  working  through  an  Ohm,  the  unit  of 
-jesistance. 

The  Ohm  is  the  famous  B.  A.  {British  Associution)  unit,  and  is 
Represented  by  a  column  of  mercury  104.81  centimetres  long, 
-^■jne  square  millimetre  in  section,  maintained  at  a  temperature 
■^jf  0°  Cent. 

837.  Methods  of  Coupling. — Cells  may  he  coupled  for  quantity 
*dt  intensity.  Suppose  a  battery  of  40  cups,  and  it  is  desired  to 
^»et    the  largest   quantity  therefrom.     All   the  zincs  would  be 
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united  for  one  pole,  and  the  carbons  for  the  opposite.  The 
intensity  would  be  that  of  a  single  cell,  but  the  quantity  equal 
to  40.  Now,  if  required  to  obtain  the  greatest  intensity,  the 
cells  would  be  coupled  alternately ;  in  a  Grove  battery  it  would 
be  zinc,  sulphuric  acid,  nitric  acid,  platinum;  zinc,  sulphuric 
acid,  nitric  acid,  platinum,  and  so  on  for  40  variations.  In  this 
case  the  theoretical  value  of  the  result  would  be  quantity  1, 
intensity.  40. 

Again,  a  battery  might  be  coupled  in  two  series  of  twenty 
each,  giving  quantity  2,  intensity  20;  or  four,  giving  quantity  4, 
intensity  10;  or  the  opposite,  viz.,  quantity  10,  intensity  4. 

It  is  understood  that  full  values  are  never  obtained  in  prac- 
tice, resistance  and  other  causes  reducing  them  materially. 

838.  Dry  Piles. — In  these,  paper  replaces  the  liquid  of  a  bat- 
tery. That  of  Zamboni  consists  of  paper  coated  with  tin  on  one 
side,  and  binoxide  of  manganese  on  the  other,  and  cut  into  disks 
half  an  inch  in  diameter.  One  or  two  thousand  are  packed 
awav  in  a  glass  tube  with  the  tin  of  one  alwavs  in  contact  with 
the  manganese  of  the  next.  The  tube  has  a  knob  and  rod  at 
each  end,  one  of  the  latter  has  a  screw  thread  cut  on  its  surface, 
and  is  used  to  press  the  disks  together.  The  manganese  is  the 
positive,  the  tin  the  negative,  element. 

Dry  piles  sometimes  retain  their  power  for  years,  it  is  the 
result  of  slow  oxidation  of  the  metals. 

839.  Faure's  Accumulator  consists  of  two  strips  of  sheet  lead 
about  seven  inches  wide  and  several  feet  in  length.     These  are 
coated  with  red  lead,  covered  with  canton  flannel,  and  b*&t 
backwards  and  forwards  in  contact  with  each  other,  and  packed 
in  a  lead-lined  box.     They  are  close  together,  but  there  is  u° 
metallic  contact  between  them,  the  canton  flannel  acting  as  *"• 
insulator.     The  box  is  charged  with  dilute  sulphuric  acid,  **n 
its  polar  terminations  brought  in  connection  with  a  dyna*-*^. 
electric  machine.     After  some  hours  of  action  the  Faure's  ^ 
is  stored.    If  it  is  now  separated  from  the  dynamo,  and  its  p*^  * 
used  in  the  same  manner  as  those  of  anv  ordinarv  batterW-"^ 
gives  out  its  electricity  gradually.  . 

Under  the   title   oi  storage   batteries  or  accumulators, 
Faure's  cells  are  coming  into  general  use  for  many  purposes. 

840.  The  Spark. — Use  a  Grove  battery  of  six  cells,  cou 
alternately  for  intensity,  with  copper  poles. 

The  poles  are  touched,  on  separating  them  the  voltaic  sj 
*       fttt.     It  is  a  green  color,  owing  to  the  presence  of  coppe 
.the  current  is  weak  from  a  smaller  batterv,  the  discha 
better  by  bringing  one  pole  in  communication  with 
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end  of  a  file,  and  drawing  tbe  other  rapidly  over  its  surface,  a 
spark  appears  as  contact  is  made  and  broken. 

Establish  connection  between  mercury  and  one  pole,  with  the 
other  make  and  break  contact,  a  spark  appears  eacli  time  of 
breakage. 

841.  The  Arc. — t'se  fifty  cells  of  a  Grove  battery  coupled  for 
intensity.     Between    two   terminals   of  carbon    when    touched 
light   is    produced   which    con- 
tinues when  the  poles  are  separ-  Erio.S4.-i. 

ated   for  a  short   distance,  de- 
pending on  the  strength  of  the 

battery.     The   continuous  pas- 
sage of  electricity  between  the 

carbotis  is  called  the  arc.     The 

light  is  exceedingly  intense.    If 

a  gas  fiame  intervenes  between 

tbe  arc  and  a  screen,  it  casts  a 

shadow  thereon.   The  unbroken 

flow  from  one  pole  to  the  other 

demonstrates  its  dynamic  char- 
acter- 
Place  the  carbon    terminals 

under  water  in  a  glass  globe, 

and    establish    communication 

with  the  battery.     At  once  the 

arc  is  seen,  though  somewhat 

diminished  in  brilliancy. 

Various  contrivances,  called 

regulators,  are  used  to  keep  the 

distance    between    the    carbon 

electrodes  such  that  the  current 

can  bridge  it  over.     The  light 

consequently  shows  a  wavering 

character,   very   trying   to   the 

eyes.     By   recent  improvement 

in    dynamo    machines,   electric 

lights  of  many   thousands  cun- 

dles  brilliancy  arc  obtaitied. 

842.  Ignition  Effects.— Pass  tbe 
current  along  a  slender   plati- 
num   wire,    it   is    immediately  i„  i. r„.,i, .■.„!..„  i..mr.. 
raised   to  a  bright  white  heat, 

known  as  incandescence.  If  the  current  is  sufficiently  strong, 
it  is  fused.  This  is  the  principle  involved  in  the  Edison  light. 
It  requires  much  less  intensity  than  the  arc.     It  is,  therefore, 
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less  dangerous.  As  platinum  undergoes  a  change  by  the  pas- 
sage of  the  current.  Edison  prepares  it  by  slow  heating  in 
vacuo. 

The  carbon  incandescent  light  consists  of  a  U-shaped  filament 
of  carbon  cut  from  a  card  and  charred.  It  is  enclosed  in  a  small 
glass  vessel  which  is  vacuous.  The  passage  of  the  current 
gives  a  very  satisfactory  light.  The  difficulty  of  obtaining  ma- 
terial yielding  a  carbon  perfectly  homogeneous,  has  been  sur- 
mounted by  evaporating  collodion  in  shallow  vessels,  passing  the 
residue  between  steel  rollers,  cutting  the  product  thus  obtained 
in  the  proper  form,  and  carbonizing  it  without  access  of  air. 

843.  Deflagration. — If  one  of  the  poles  of  a  battery  consists  of 
a  cup-like  cavity  in  gas  carbon,  and  in  this  sodium  or  potassium 
is  placed,  on  bringing  a  pointed  pole  to  bear  thereon,  the  metal 
is  fused  and  volatilized.  In  this  manner,  the  most  refractory 
may  be  deflagrated  or  driven  off  in  vapor.  Gold  is  volatilized 
without  difficulty,  and  metals  held  in  the  escaping  vapor  are 
gilded. 

Metals  used  as  terminals  are  also  volatilized  in  the  arc  of 
electricity  which  passes  from  pole  to  pole.  If  submitted  to 
examination  by  the  spectroscope,  the  lines  characteristic  of  the 
spectrum  of  each  are  seen.  By  comparing  these  with  the  re- 
versed lines  of  the  solar  spectrum,  the  presence  of  the  different 
metals  in  the  atmosphere  of  the  sun  has  been  demonstrated. 

Magnetic  effects  produced  by  the  voltaic  current  will  be  dis- 
cussed under  the  head  of  elect romagnetism. 


CHAPTER    XLVII. 

VOLTAIC   DECOMPOSITIONS. 

Decomposition  <*f  water — Th»*  voltameter — Decomposition  of  cupric  tulphite-* 
Decomposition  ol*  *>*diuni  chloride — Electrochemical  theory — Polarization  of 
electrodes — Electrometallurgy — Electroplating. 

844.  Decomposition  of  Water. — Two   English   chemists  were 
attempting  to  determine  the  conducting  power  of  various  sub- 
stances.    Among  liquids  the  first  they  experimented  with  wu 
.water.     They  had  enclosed  it  in  a  tube  the  ends  closed  by  cork* 
"^"ugh  which  the  polar  wires  of  a  battery  passed.    These  could 
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be  approached  nearer  to,  or  drawn  further 
from  each  other.  The  wireB  were  of  copper, 
and  they  expected  to  determine  the  effect  of 
intervening  columns  of  various  lengths  of 
liquid  between  the  polar  terminations.  The 
apparatus  being  in  order,  and  connections 
made  with  the  battery,  they  found  to  their 
surprise  that  at  one  pole  gas  was  evolved, 
while  at  the  other  a  pale  blue  material  grad- 
ually accumulated  in  the  lower  part  of  the 
tube.  Various  explanations  were  given  of 
the  phenomena,  at  last  its  true  nature  was 
revealed  by  analysis.  The  blue  materia) 
proved  to  be  hydrated  oxide  of  copper. 
They  had,  therefore,  decomposed  water, 
which  up  to  that  time  was  supposed  an  ele- 
mentary body,  and  had  separated  it  into  hy- 
drogen and  oxygen ;  the  former  was  set  free 
in  the  gaseous  state  while  the  latter  with  the 
copperhad  formed  a  hydrate  of  copper. 

Improvements  in  the  apparatus  soon 
substantiated  the  truth  of  this  explanation, 
for  bending  a  tube  into  a  U  form,  and  allow- 
ing the  battery  to  terminate  in  platinum 
poles,  +  and  — ,  Fig.  346,  which  are  not  acted  dwuiiuhiioii  »t  «b>r. 
on  by  water,  one  in  each  arm,  gas  waB  evolved 
from  both  poles.  At  one  hydrogen,  at  the  other  pure  oxygen. 
The  quantities,  moreover,  bore  a  definite  relation  to  each  other. 
There  was  always  twice  as  much  of  the  former  as  the  latter. 
It  was,  therefore,  demonstrated  that  water  is  a  compound  body, 
formed  of  hydrogen  and  oxygen,  in  the  proportion  expressed  by 
the  formula  11,0. 

845.  The  Voltameter. — Previous  to  the  discovery  of  the  com- 
pound character  of  water,  many  futile  attempts  had  been  made 
to  test  the  value  of  electric  currents,  but  no  reliable  method  had 
been  devised.  The  decomposition  of  water  by  strong  currents 
of  electricity  was  soon  advanced  as  giving  a  satisfactory  means 
of  determining  the  value  of  such  currents.  The  apparatus  was 
called  the  Voltameter.  It  consisted  of  a  tube  graduated  to 
cubic  centimetres,  or  to  cubic  inches  and  fractions.  Platinum 
or  gold  terminals  of  a  battery  passed  through  the  bottom  of 
acup,  and  were  arranged  face  to  face  in  its  interior,  a  moderate 
distance  intervening  between  them.  On  establishing  communi- 
cation with  a  battery,  gas  was  evolved  from  the  terminals,  and 
the  time  required  to  collect  a  given  quantity  of  the  mixed  gases 
represented  the  power  of  the  battery.  This  method  still  con- 
stitutes one  means  for  obtaining  the  value  of  strong  currents. 
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846.  Decomposition  of  Cupric  Sulphate. — Let  the  polar  wires  ot 
a  battery  terminate  in  a  strong  solution  of  sulphate  of  copper. 
The  cathode  a  conducting  surface  of  any  kind,  the  back  and 
sides  coated  with  anj  non-conducting  material,  as  wax.  The 
anode  a  plate  of  copper.  A  current  of  suitable  strength  from 
a  small  Smee  battery  is  then  passed  through  the  liquid.  After 
a  time  the  cathode  is  removed,  when  it  will  be  found  coated 
over  with  metallic  copper,  if  the  strength  of  the  battery  has 
been  properly  adjusted.  The  action  of  the  current  has  been  to 
cause  a  deposit  of  copper  on  the  cathode.  As  fast  as  this  takes 
place  the  sulphuric  acid  disengaged  upon  the  anode  attacks 
it,  and  restores  the  metal  to  the  solution.  This  conveyance  of 
copper  from  anode  to  cathode  continues  as  long  as  the  former 
lasts  or  the  battery  retains  sufficient  power. 


Fig.  347. 


847.  Decomposition  of  Sodium  Chloride. — Take  a  vessel  shaped 

like  the  chimney  of  a  kerosene  lamp.  A,  Fig.  347.     Close  the 

lower  mouth  with  a  layer  of  goldbeater's 
skin,  tying  it  on  firmly.  Prepare  a  tolerably 
strong  solution  of  sodium  chloride,  add  to  it 
sufficient  red  litmus  water  to  give  it  a  strong 
tint.  Pour  half  into  the  vessel,  let  it  rest  in 
a  goblet,  B,  and  pour  the  other  half  into  this. 
Pass  into  the  former  the  platinum  terminal 
of  the  cathode:  into  the  latter  plunge  the 
anode.  Make  connection  with  the  battery. 
Gas  bubbles  appear  at  both  poles,  but  the 
liquids  are  prevented  from  intermingling  by 
the  intervening  septum  of  goldbeater's  skin. 
At  the  cathode  sodium  is  set  free,  which  in- 
stantly attacking  the  water  becomes  con- 
verted into  sodium  oxide,  and  its  alkaline 
reaction  is  exhibited  by  turning  the  red  litmus 
blue.     At  the  anode  chlorine  is  evolve*!,**8 

shown  by  bleaching  of  the  litmus.     The  sodium  chloride  ha*. 

therefore,  undergone  decomposition,  the  sodium  appearing  a* 

the  cathode,  and  the  chlorine  at  the  anode. 


Sodium  oliloriiU'  «1«*«.'oiii|h>s;h1. 


848.  Electrochemical  Theory. — A  number  of  illustrations  of 
this,  so-called,  sliding  decomposition  might  be  given.  We  may* 
however,  sum  up  the  results  in  a  table,  as  follows: 


T<>  an.wle  or   j    jk»U». 

Oxygen. 

I'lili'rine,  bromine,  etc. 

Acids. 

Klertmnrgntivc'i. 


To  cathode  or  —  |*>1»*. 

Hydrogen. 

Metal*! 

Bases. 

Electro  positives. 
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The  bodies  attracted  by  the  anode  or  positive  pole  are  electro- 
negatives.  Those  attracted  to  the  cathode  or  negative  pole  are 
electropositives.  It  is  understood  that  the  terms  electronega- 
tive and  electropositive  are  relative,  and  refer  to  the  relation 
of  the  two  substances  under  the  conditions  which  they  are  sub- 
mitted to  examination. 

To  this  decomposition  by  electric  action  the  name  of  electro- 
lysis is  given.  The  bodies  subjected  to  the  action  of  the  current 
are  called  electrolytes.  The  substance  which  appears  at  the 
cathode  is  called  the  kationc,  that  at  the  anode  the  anione. 

849.  Polarization  of  Electrodes. — Let  a  current  pass  from  pla- 
tinum electrodes  through  water  for  a  time.  Interrupt  it,  and 
connect  the  electrodes  with  a  galvanometer.  They  will  be 
found  to  give  a  tolerably  strong  flow  of  electricity  which  passes 
in  the  opposite  direction  to  that  of  the  battery.  The  explana- 
tion lies  in  the  fact,  that  oxygen  has  been  condensed  on  the 
anode,  and  hydrogen  on  the  cathode.  The  effect  of  this  is  to 
produce  a  current  opposed  in  its  action  to  the  original. 

On  this  principle  batteries  of  one  element  may  be  con- 
structed, consisting  of  platinum  poles  separated  by  moistened 
cloth.  These  are  connected  with  a  battery  and  charged.  They 
are  then  separated,  and  being  attached  to  a  galvanometer,  give 
a  current  in  the  opposite  direction  to  the  original.  They  are 
called  secondary  batteries.  Plawte's  battery,  which  was  the 
original  of  Faure's  accumulator,  is  of  this  description. 

850.  Electrometallurgy,  or  galvanoplastics,  is  the  application 
of  voltaic  electricity  to  copying  medals,  type,  and  other  objects. 
The  operation  consists  first,  in  securing  an  accurate  mould  of 
the  object,  upon  which  copper  or  some  other  metal  can  be 
deposited  by  an  electric  current.  Various  methods  are  resorted 
to  for  making  the  cast.  One  consists  in  softening  gutta-percha 
in  water,  pressing  it  against  the  object,  and,  when  cold,  detach- 
ing it.  The  process  usually  employed  is  that  followed  in  electro- 
typwg.  A  mixture  of  wax,  tallow,  and  turpentine,  of  proper 
proportions,  is  melted  and  poured  into  shallow  pans.  When 
set,  it  is  brushed  over  with  finely  powdered  graphite.  While 
still  soft  the  form  of  type  is  pressed  on  its  surface,  and  an 
accurate  copy  obtained.  This  is  suspended  from  the  negative 
pole  of  a  battery  in  a  solution  of  copper,  a  plate  of  the  same 
metal  being  attached  to  the  positive  pole,  when  a  deposit  forms 
on  the  cast. 

The  batteries  employed  are  usually  either  DanielTsor  Smee's. 
Currents  from  magnetoelectric  machines  of  special  construction 
are  used  when  a  large  amount  of  work  is  to  be  done. 

In  all  such  operations  a  number  of  conditions  govern  the 
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character  of  the  deposit.  Among  them,  the  power  of  the 
current  of  the  battery,  the  strength  of  the  solution  used  for 
electrotyping,  and  its  temperature.  If  the  conditions  are  cor- 
rect, a  tenacious,  flexible  metallic,  or  reguliney  deposit  is  ob- 
tained. If  the  current  is  too  strong,  the  deposit  becomes  pul- 
verulent and  black;  if  too  weak,  it  is  brittle  and  crystalline. 
The  object  of  the  electrometallurgist  is  to  adjust  them  to  obtain 
the  reguline  deposit. 

The  application  of  this  principle  to  the  preparation  of  forma 
for  printing,  makes  the  issuing  of  enormous  editions  of  the 
great  daily  papers  possible  in  the  few  hours  available  for  that 
purpose.  The  type  is  set  and  corrected,  a  number  of  impres- 
sions of  these  forms  in  wax  are  then  taken,  they  are  electro- 
plated. The  electroplates,  each  a  perfect  copy  of  the  original, 
are  separated  from  the  wax,  and  melted  metal  poured  into  them. 
All  are  reduced  to  a  uniform  thickness,  and  mounted  in  a 
printing  machine.  Thus,  in  place  of  printing  from  a  single 
form,  ten,  fifty,  or  even  a  hundred  sets  of  copies  of  the  original 
are  all  doing  work  at  the  same  time. 

851.  Electroplating  differs  from  the  preceding  in  that  it  is  an 
exceedingly  thin  deposit  of  gold,  silver,  iron,  nickel,  or  other 
metal  on  the  surface  of  some  composition  or  alloy.  The  prqa- 
ration  of  the  objects  is  usually  by  two  stages :  1st.  The  fatty 
matter,  with  which  their  surfaces  are  covered,  is  destroyed  by 
heat.  2d.  The  oxide  formed  in  the  preceding  operation  i» 
removed  by  immersion  while  still  hot  in  very  dilute  nitric  acid. 
They  are  then  rubbed  with  a  hard  brush  in  pure  water,  dried 
in  hot  sawdust,  and  attached  to  the  negative  pole  of  a  battery, 
the  positive  bearing  a  plate  of  gold  in  the  solution. 

There  is  considerable  variety  in  the  composition  of  the  uolo- 
tions  or  electrobaths  for  gilding.     The  ordinary  one  is: 

Auric  chloride 1  part. 

Potassium  cvanide 10  part*. 

Water 200      •• 

In  electrosilvering  the  composition  of  the  bath  is  as  follows: 

Argentic  cyanide 2  parti. 

Potassium  cvanide 2      •• 

Water 250      •« 

A  plate  of  silver  or  gold  is  suspended  from  the  positive  elec- 
trode, the  properly  cleansed  articles  from  the  negative. 
The  batn  for  deposition  of  iron  is  prepared  by  attaching  * 
rge  sheet  of  iron  to  the  positive  pole  in  a  vessel  filled  with 
tu rated  solution  of  ammonium  chloride.  A  small  strip  oi 
n  is  attached  to  the   negative  pole.     The  current  being 
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passed,  it  is  dissolved,  while  hydrogen  escapes  from  the  small 
negative  element.  When  the  bath  is  changed  an  engraved  plate 
of  copper  may  be  substituted  for  the  small  strip  of  iron,  a 
bright  deposit  forms  at  once,  the  plate  taking  on  the  appearance 
of  polished  steel.  The  process  is  called  steeling  the  acierage.  In 
the  course  of  half  an  hour  it  is  sufficiently  thick,  and  of  ex- 
ceeding hardness,  an  immense  number  oi  impressions  can  be 
struck  off. 

The  bath  for  nickel  is  prepared  in  the  same  manner,  or  by 
directly  mixing  salts  of  ammonia  and  nickel,  either  chloride 
or  sulphate  of  the  metal  with  chloride  of  ammonium.  The 
deposit  tends  to  form  irregularly  and  strip  off.  This  is  coun- 
teracted by  repeatedly  removing  it,  repolishing  it,  and  return- 
ins  it. 

Nickelplating  is  now  extensively  resorted  to  for  coating  sur- 
faces of  all  kinds  of  surgical  and  obstetrical  instruments  and 
apparatus.  It  resists  ordinary  corrosives,  and  air  has  no  action 
upon  it. 


CHAPTER  XLVIII. 

THERMOELECTRICITY. 

Heal  in  obstructed  conductors — Thermoelectric  batteries — Thermoelectric  series — 

Other  batteries. 

862.  Heat  in  Obstructed  Conductors. — When  a  current  of  elec- 
tricity is  passed  along  a  conductor  of  too  small  a  section  to 
permit  its  free  transit,  the  temperature  of  the  latter  rises,  and  it 
may  fuse  though  composed  of  the  most  refractory  metal.  The 
converse  of  this  is  also  true :  if  we  warm  a  conductor  along  which 
heat  fails  to  pass  freely,  by  virtue  of  a  strain  upon  its  molecules, 
electricity  is  developed  which  is  readily  detected  by  a  galvano- 
meter. 

In  illustration,  take  a  copper  wire  and  tie  a  knot  in  it,  to 
strain  or  put  tension  upon  its  molecules.  Connect  its  ends 
with  the  pole  of  a  galvanometer,  then  apply  a  spirit  flame  near 
the  knot.  The  torsion  of  the  wire  affords  an  obstacle  to  the 
passage  of  heat,  and  the  needle  of  the  galvanometer  shows  an 
instantaneous  movement  from  the  electricity  developed.  To 
this  the  name  of  thermoelectricity  is  given. 
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853.  Thermoelectric  Batteries.  —  While  only  a  single  metal 
may  be  forced  to  show  thermoelectric  properties,  the  pheno- 
mena are  much  better  developed  where  two  are  used.  Take, 
for  example,  a  small  bar  of  antimony,  A,  and  one  of  bismuth, 
B,  solder  them  together  as  in  Fig.  348.  To  the  free  extremi- 
ties connect  polar  wires,  by  which  the  apparatus  may  be  attached 
to  the  galvanometer.  Connect  it  and  apply  cold  to  the  junction 
of  the  two  metals,  the  needle  at  once  shows  the  production  of 


Fig.  348. 


Th«anno|iil«'a 


a  current.     Apply  heat  thereto,  and  the  swing  of  the  needle 
is  reversed,  showing  that  direction  of  the  current  is  changed. 

A  number  of  such  elements,  of  antimony  and  bismuth 
soldered  together  at  their  alternate  ends,  the  order  of  alterna- 
tion being  carefully  preserved,  and  the  bars  being  insulated 
elsewhere,  constitutes  a  thermoelectric  battery.  The  numb** 
of  pairs  increases  the  intensity  of  the  current.  The  ordinary 
number  is  forty-nine,  arranged  in  seven  rows  of  seven.  This 
gives  an  end-section  about  an  inch  square,  C,  and  is  known  as 
Xohili's  thermoelectric  pile.  In  connection  with  a  galvanometer 
it  forms  the  thermoelectric  multiplier  of  Melloni,  which  i*  one 
of  our  most  delicate  instruments  for  measurement  of  tempera- 
ture. 

854.  Thermoelectric  Series.  —  After  many  experiments,  the 
thermoelectric  relations  of  various  substances  to  each  other 
wore  carefully  determined,  and  are  set  forth  in  the  following  taM*« 
The  value  of  any  pair  may  be  found  by  subtracting  the  figures 
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from  each  other,  if  they  have  the  same  sign,  or  adding  them  if 
the  signs  are  different : 


Bismuth  . 

.     +25 

Gas  coke 

.     —0.1 

Cobalt 

9 

Zinc   . 

0.2 

Potassium 

5."> 

Cadmium    . 

0.8 

Nickel     . 

5 

Strontium  . 

2.0 

Sodium    . 

3 

Arsenic 

3.8 

Lead 

1.03 

Iron    . 

fi.2 

Tin 

1 

Red  phosphorus 

9.6 

Copper    . 

1 

Antimony  . 

9.8 

Platinum 

0.7 

Tellurium  . 

179.9 

Silver 

1.0 

Selenium    . 

290.0 

Compared  with  hydroelectric  currents,  these  are  quite  feeble. 
The  electromotive  force  of  a  bismuth  copper  element  with  a 
difference  of  100°  C.  in  the  temperature  of  their  junctions,  is, 
according  to  one  authority  -g^,  and  to  another  Ti-ri-,  that  of  a 
Daniell's  element, 

865.  Other  Batteries. — Becquerel  discovered  that  artificial  sul- 
phide of  copper  combined  with  copper  had  an  electromotive 
force  nearly  ten  times  as  great  as  that  of  a  bismuth  copper  pair. 
Since  this  sulphide  only  melts  at  over  1000°,  very  high  tempera- 
tures may  be  employed. 

Clamohd's  battery  has  been  applied  to  telegraphing  and 
plating.  The  negative  metal  is  an  alloy  of  two  parts  antimony, 
and  one  zinc.  The  positive  a  thin  strip  of  tinplate.  Heating 
is  effected  bv  a  Bunsen  flame,  so  applied  that  only  the  hot  air 
from  it  touches  the  elements.  The  temperature  should  not  rise 
above  200°. 


SECTION  X. 
MAGNETISM 


CHAPTEE    XLIX. 

HISTORY.     LAWS.    DISTRIBUTION. 

Natural  magnets — Artificial  magnets — Compound  magnets — Polarity  law  of  At- 
traction and  repulsion — Magnetic  distribution — Magnetic  metals — Magnetic 
induction. 

856.  Natural  Magnets  were  known  in  Europe  more  than  2000 
years  ago.  The  Chinese  have  used  them  since  600  B.  C.  They 
were  portions  of  lodestone,  native  oxide  of  iron,  having  the  com- 
position Fe304.  It  was  first  found  at  Magnesia,  in  Asia  Minor. 
A  small  portion  freely  suspended  by  a  thread,  sets  itself  with  its 
long  axis  north  and  south.  It  is,  as  a  rule,  very  free  from  admix- 
ture with  other  minerals,  and  when  smelted  yields  a  remarkably 
pure  iron. 

While  we  mark  the  north  end,  the  Chinese  mark  the  sooth 
end.  They  used  magnets  as  iron  needles  to  guide  them  acroM 
the  deserts  of  Asia.  In  French  works  the  end  pointing  north 
is  called  the  austral  or  southern  pole;  that  south  the  boreal  or 
northern  pole.  The  English  call  that  which  points  to  the  north, 
the  north  pole :  to  the  south,  the  south  pole. 

The  awkward  form  of  most  native  magnets  makes  them  le* 
advantageous  for  illustrating  their  properties  than  those  which 
are  artificial.  We  shall,  therefore,  pass  at  once  to  a  description 
of  the  latter,  and  it  is  understood  that  their  use  is  always  im- 
plied unless  otherwise  stated. 

857.  Artificial  Magnets  are  either  straight  or  horseshoe  shaped 
bars  of  steel,  which  have  been  rubbe<f  on  natural  or  electro- 
magnets.    If  lively  suspended,  thev  point  X.  and  S. 

If  placed  in  wrought-iron  filings,  Yig.  349,  these  arrange  them- 
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selves  in  curved  lines  about  both  ends,  N  8,  and  not  at  all  about 

the  central  regions,  £.  Hence,  the  two  extremities  are  called  the 

poles,  and  the  central  portions  the 

neutral  line.     Sometimes  a  magnet  Fia.  349. 

will   show   intermediate    poles    be-        n  S 

tween  the  true  terminal  ones.   Such 

are  abnormal. 

The  shortest  line  joining  the  two 
poles  is  called  the  axis  of  the  mag- 
net. The  plane  at  right  angles  to 
this,  and  passing  through  the  neutral 
line,  is  called  the  equator. 

In  a  horseshoe  magnet,  Fig.  349, 
the  axis  is  in  the  line  of  its  keeper,  K, 
or  small  piece  of  soft  iron,  in  contact 
with  the  poles  N  8.  The  keeper 
should  always  remain  in  contact 
with  the  poles,  as  it  reacts  upon 
them,  and  enables  the  instrument 
to  preserve  its  properties. 

As  a  rule,  the  north  pole  is  marked 
X.,  and  the  south  S.     In  some  the 
former   is   colored    red,    the   latter 
blue;  hence,  the  use  of  the  terms  red  i 
equivalent  for  north  and  south. 

858.  Compound  Magnet*. — In  place  of  making  a  magnet  ol 
a  single  piece,  it  is  found  that  better  effects  are  gained  by 
combining  a  number  of  thin  sheets  of  steel,  Fig. 
350,  A,  magnetizing  each,  and  then  binding  them 
together  by  screws.  For  a  given  weight  of  metal 
a  more  powerful  action  is  obtained. 

This  form,  constructed  as  a  horseshoe,  is  gener- 
ally employed  in  various  magnetoelectric  instru- 
ments. From  the  nearness  of  its  poles  it  gives  a 
stronger  result,  and  presents  the  advantage  of 
the  preservation  of  its  power  by  the  keeper B. 

889.  Polarity  Law  of  Attraction  and  Repulsion. — 
It  has  been  seen  in  the  preceding  article  that  aoft 
iron  tilings  are  attracted  by  the  magnet.  If,  for 
these,  a  small  bar  of  soft  iron  is  substituted,  and  presented  to  a 
freely  suspended  magnet,  it  will  attract  it  equally  by  either 
extremity.  If  in  place  of  the  soft  iron  bar  we  use  a  magnetized 
eteel  one,  its  north  pole  will  be  found  to  attract  the  south  polo 
needle,  and  repel  its  north  pole. 

Hence,  we  deduce  the  following  law  of  the  action  of  magnetic 
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poles  oil  each  other.  Attention  is  directed  to  its  similarity  to 
the  law  of  electric  attractions  and  repulsions :  Unlike  poles  attract; 
like  repel. 

The  intervention  of  a  sheet  of  glass  between  the  bar  of  steel 
and  the  suspended  needle  in  no  way  interferes  with  these  move- 
ments.    The  magnetic  influence,  therefore,  passes  freely  through  glass. 

860.  Magnetic  Distribution —The  magnetic  influence  in  a  steel 
bar  is  not  confined  to  the  extremities,  but  is  distributed  through- 
out. In  evidence  of  this  fact,  let  it  be  broken  at  the  middle. 
Examination  will  show  that  each  fragment  is  a  true  magnet 
endowed  with  perfect  polarity.  Freely  suspended  it  points  X. 
and  S.,  one  end  attracts  the  north  pole  of  a  magnetic  needle, 
the  other  repels  it. 

Break  it  again  and  again  with  the  same  result.  We,  there- 
fore, conclude  that  the  magnetic  influence  is  distributed  through- 
out the  bar,  and  the  neutral  line,  as  it  is  called,  is  merely  that 
portion  in  which  the  magnetisms  neutralize  each  other.  Ac- 
cording to  theory,  every  molecule  shows  polarity.  The  distribution 
may,  therefore,  be  examined  either  in  respect  to  the  molecules, 
or  to  the  whole  bar  as  a  system. 

From  the  latter  point  of  view,  the  poles  are  not  at  the  ex- 
treme ends,  but  at  a  small  distance  within.  They  are  not  per- 
manent, but  change  in  position  slightly  whenever  its  condition 
is  disturbed  by  the  approach  of  a  magnetic  substance. 

This  is  the  principle  upon  which  the  telephone  is  founded. 

861.  Magnetic  Metals. — These  are  iron,  cobalt,  and  nickel.  All 
bodies  under  the  influence  of  exceedingly  powerful  magnets 
yield  to  their  influence,  but  these,  with  magnetism  of  the  ordi- 
nary intensity,  exhibit  magnetic  properties — that  is,  are  at- 
tracted, or  show  polarity. 

A  distinction  is  made  between  magnetic  substances  and  mag- 
nets. The  former  attract  either  encl  of  a  suspended  magnetic 
needle.  The  latter  exhibit  polar  attractions  and  repulsion* 
when  brought  in  its  vieinitv  and  also  of  each  other.  Soft  or 
wrought  iron  is  an  example  of  the  former,  a  magnetized  $te*l 
wire  of  the  latter. 

Many  compounds  of  iron  are  magnetic  bodies;  some,  how- 
ever, are  notable  exceptions.  The  mineral  limonite,  an  bv- 
drated  oxide  of  iron,  does  not  show  the  property  unless  intense!.? 
heated  on  charcoal.  Persulphide  of  iron  is  also  non-magnetic 
until  heated. 

862.  Magnetic  Induction. — Bring  a  small  cylinder  of  soft  iron 
in  contact  with  a  bar  magnet,    "it  is  attracted,  and  if  in  com- 
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muuieatioo  with  its  north  pole  the  end  nearest  to  it  takes  on 
the  opposite  magnetic  state,  the  further  end  becoming  north. 
Thus  bar  after  bar  of  soft  iron  may  be  attached  until  the  limit 
of  its  power  is  reached,  Fig.  351.    Each  piece  shows  polarity  at 


its  extremities.  The  near  end  is  south  magnetism,  the  further 
north.  Separate  the  bars,  and  remove  them  from  the  influence  of 
the  magnet.  At  once  all  polarity  is  lost.  They  become  inert, 
their  magnetism  was  temporary. 


CHAPTER   L. 

METHODS  OF  MAONKTIZINfi.    TKKKEHTUIAJ,  MAGNETISM. 

Magnetizing  liy  «ngk>  touch — Magnetising  by  topuratv  tcuich — Magnetising  by 
double  touch — Magnetizing  by  tlifc  i-srttiV  action — Tim  jiower  of  magneta — 
Mayer's  floating  magneta—  Mt-dk'til  application  of  magneu — The  earth 'i  action 
directive — Dec  limit  ion — The  cumptus — A.-tatic  needle— Dipping  needle. 

863.  Magnetizing  by  Single  Touch. — In  this  method  one  pole  of 
a  powerful  magnet  is  passed  from  cud  to  end  over  the  bar.  The 
operation  is  repeated  a  number  of  times.    Its  neutral  condition 
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is  thus  decomposed  throughout.  The  end  last  touched  has  the 
opposite  polarity.  For  this  operation,  natural  or  artificial  mag- 
nets and  electromagnets  are  used.  The  disadvantage  is  that 
consequent  or  intermediate  poles  may  be  developed,  and  the 
power  is  not  very  strong. 

864.  Magnetizing  by  Separate  Touch  consists  in  taking  two  com- 
pound magnets  of  equal  power,  A  B,  Fig.  352.  and  placing  their 
opposite  poles  upon  the  centre  of  the  bar  to  be  magnetized. 
They  are  then  moved  to  the  opposite  ends,  a  i,  at  the  same  time 
and  with  the  same  rate.     They  are  then  returned  to  the  centre, 

Fig.  352. 


Magnetizing  s>teel  bars. 

and  drawn  to  its  opposite  ends  again.  This  operation  is  repeated 
a  number  of  times,  on  both  faces,  until  it  is  fully  charged.  The 
magnets  by  some  are  held  vertically ;  by  others,  at  an  angle  of 
twenty  or  twenty-five  degrees.  The  method  gives  very  regular 
results. 

864  A.  Magnetizing  by  Doable  Touch. — The  two  magnets  are 
placed  on  the  centre  of  the  bar  with  their  opposite  poles  nearly 
touching,  a  small  piece  of  wood  between  them.  They  are  then 
moved  simultaneously  to  one  end,  then  to  the  opposite.  This  is 
repeated  a  number  of  times,  each  half  receiving  the  same  num- 
ber of  movements  over  its  surface. 

The  process  may  be  improved  in  this  and  the  preceding 
method  by  supporting  the  ends,  a  6,  upon  powerful  magnets, 
A  B,  the  pole  on  either  side  being  of  the  same  name  as  the 
movable  magnet  of  that  side.  A  horseshoe  shape  with  close 
poles  may  be  substituted  for  the  movable  pair.  This  is  apt  to 
develop  consequent  poles.     The  magnetism  is  very  strong. 

865.  Magnetizing  by  the  Earth's  Action. — When  a  bar  of  soft 
or  wrought  iron  is  held  in  the  magnetic  meridian  parallel  to  the 
inclination,  it  becomes  immediately  a  temporary  magnet,  the 
lower  being  the  north  pole  for  our  vicinity.  Reversing  it,  the 
opposite  end  becomes  the  north  pole.  If,  while  held  in  the 
proper  position,  a  few  blows  are  struck  with  a  hammer,  it 
retains  its  magnetism  for  a  short  time.  If  it  is  twisted,  only  a 
feeble  charge  is  developed. 
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Various  articles  of  iron,  both  wrought  and  cast,  if  kept  per- 
manently in  this  position,  acquire  a  certain  amount  of  magnet- 
ism, the  north  pole  always  being  downwards. 

866.  The  Power  of  Magnets. — A  magnet  which  has  received 
its  full  development  of  force  is  said  to  be  saturated.  Among  the 
causes  which  produce  variation  in  strength,  is  tempering  of  the 
?teel  employed.  A  bar  tempered  at  dull  redness,  ana  magnetized 
to  saturation,  made  ten  oscillations  in  ninety-three  seconds. 
The  same  bar  at  a  cherry  red,  took  only  sixty-three  seconds  to 
make  ten  oscillations.  It,  therefore,  follows  that  the  harder  the 
steel  the  greater  its  coercive  force.  It  is  more  difficult  to  mag- 
netize, but  it  retains  the  charge  better.  The  property  of  a 
magnet  is  also  dependent  upon  the  percentage  of  carbon  con- 
tained in  the  stool.  This  also  causes  a  variation  in  the  degree  of 
heat  at  which  it  should  be  tempered.  Compass  needles  are 
generally  tempered  at  a  blue,  which  is  about  300°  C. 

Increase  of  heat  diminishes  intensity  of  magnetism  in  a  bar; 
heated  to  a  bright  red  it  completely  loses  it,  audit  is  not  regained 
with  return  to  original  temperature. 

Hammering  a  steel  bar  while  being  magnetized  increases  its 
power.  If,  on  the  contrary,  a  magnet  is  allowed  to  fall,  or  struck 
a  strong  blow,  it  is  in  part  demagnetized. 

867.  Mayer's  Floating  Magnets  consist  of  magnetized  steel 
needles,  the   points   being   north,   and   the   eyes  south   poles. 


Fig.  368. 
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Those  arc  passed  through  cork  disks  with  the  eyes  just  pro- 
jecting. When  placed  on  water  they  float,  the  noodles  being  in 
the  vertical  position. 


If  a  strong  magnet  is  brought  in  the  vicinity  of  several  of 
these  needles  floating  on  water,  they  immediately  arrange  them- 
selves in  figures,  which  vary  according  to  their  number.  Two 
form  a  line;  three  a  triangle;  four  a  square;  five  a  pentagon, 
or  a  square  with  one  in  the  centre ;  six  a  pentagon  with  one  in 
the  centre,  or  a  triangle  wilh  curved  sides,  and  so  on.  Through 
8  a,  b,  e,  18  a  and  b,  a  shock  will  often  cause  one  figure  to  pass 
into  another  more  stable. 

868.  Medical  Application  of  Magnets. — When  the  cornea  has 

been  wounded  by  minute  particles  of  iron  driven  into  its  sub- 
stance with  considerable  force,  they  are  sometimes  extracted 
with  a  magnet.  There  does  not  appear  to  be  any  evidence  that 
they  possess  medicinal  or  other  influence  on  the  human  body. 

869.  The  Earth's  Action  Directive.— From  observations  made 
in  various  regions  of  the  earth,  it  has  been  likened  to  an  im- 
mense magnet,  the  poles  not  far  from  the  terrestrial  poles.  The 
influence  which  it  exerts  upon  the  magnetic  needle  is  directive 
only,  it  neither  attracts  nor  repels  it. 

If  a  bar  of  steel  is  weighed  before  and  after  magnetization, 
there  is  no  change.  Therefore,  the  vertical  component  is  zero. 
If  suspended  by  a  long  fine  thread,  the  course  of  the  latter  is 
vertical.  If  then  magnetized,  the  thread  remains  the  same. 
The  horizontal  component  is,  therefore,  zero.  Floated  on  a 
cork  on  water,  the  needle  oscillates  for  a  time,  and  finally  sets 
itself  X.  and  S.,  but  does  not  move  in  a  north  direction.  On  the 
approach  of  a  magnet,  the  ueedle  moves  toward  it,  but  in  the 
case  of  the  earth  it  is  equally  attracted  by  both  poles  practically 
at  an  infinite  distance;  neither  can  exert  greater  power  than  the 
other,  consequently  it  is  not  attracted,  but  merely  sets  itself  in 
relation  to  their  directive  action. 

870.  Declination  is  the  angle  which  the  axis  of  a  magnetic 
needle  makes  with  the  geographical  meridian  of  a  place.  It  is 
said  to  he  east  or  west,  according  as  its  north  pole  is  east  or  west 
of  this  meridian. 

At  present  the  declination  is  to  the  west  in  Europe  aud  Africa, 
but  to  the  east  in  Asia  and  North  and  South  America.  It  shows 
variations  either  annual  or  diurnal,  regular  or  "irregular — the 
latter  are  called  magnetic  storms. 

At  Loudon,  in  1580,  the  declination  was  to  the  east  11°  36', 
in  1663  it  was  at  zero.  Since  then  it  has  gradually  moved  to 
the  west,  reaching  the  maximum  of  24°  41'  in  1818;  thence 
slowly  worked  its  way  eastward,  and  in  1879  was  at  18°  40'  west. 

871.  The  Compass  is  a  declination  needle  used  in  navigating 
ships.     It  consists  of  a  ease  mounted  A  B,  to  keep  the  compass 
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in  a  horizontal  position  in  epite  of  the  ship's  movements.  From 
the  bottom  of  the  box  a  vertical  axis  rises,  terminating  above  in 
a  point  which  works  in  an  agate  cup  attached  to  the  centre  of 
the  needle,  N.  To  the  latter  a  disk  of  mica  is  attached,  on 
which  a  star  with  thirty-two  branches  is  traced.    This  gives  the 


eight  points  with  halves  and  quarters.  The  ray  marked  with 
the  small  star  and  the  letter  X  indicates  the  position  of  the 
north  pole  of  the  needle  under  the  mica. 

872.  Aitatic  Needle. — This  is  a  combination  of  two  needles  of 
the  same  strength,  joined  parallel  to  each  other  with  their  poles 
in  opposite  directions.  A  combination  in  this  state  is  free  to 
obey  any  other  force,  and  is  used  in  constructing  a  galvano- 
meter. 

Fig.  S66. 


873.  Dipping  Needle,  also  called  the  inclination  compass.  It 
moves  in  a  vertical  instead  of  horizontal  plane.  When  this 
coincides  with  the  magnetic  meridian,  the  angle  which  it  makes 
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with  the  horizon  is  called  the  dip  or  inclination.  This  differs  in 
various  parts  of  the  earth.  At  the  equator  it  is  zero,  the  needle 
being  horizontal,  passing  from  the  equator  northward  it  in- 
creases, its  north  pole  inclining  downwards,  until  at  the  pole  it  is 
vertical.  Passing  southwards  from  the  equator,  its  south  pole 
dips  downwards,  until  at  that  pole  it  is  vertical. 

The  magnetic  equator  is  the  line  which  joins  all  places  where 
there  is  no  dip;  it  is  sinuous,  and  inclined  to  the  terrestrial  at 
an  angle  of  about  twelve  degrees. 


CHAPTER  LI. 

ELECTROMAGXETISM. 

Oersteds  experiments  —  Galvauometers —  Rheostats  —  The  long  competitor  - 
Wheatstone's  bridge  —  Electromagnets — Electromagnetic  motor* — Coet  of 
magnetic  motors — Electric  bells  and  clocks — The  Mi>rse  telegraph — The  needle 
telegraph — Reactions  of  current*  upon  currents  and  magnets— Solenoid*— 
Why  the  compass  needle  points  north  —  Paramagnetism  —  DiamagnetUni— 
Diamagnetic  illustrations — Action  of  magnet  on  polarized  light. 

874.  Oersteds  Experiments. — It  had  long  been  known  that  when 
buildings  were  struck  by  lightning,  all  small  objects  of  steel  or 

cast-iron  contained  therein  showed  more 
Fig.  3o..  ^  or  jess  Qf  a  magnetic  property.    In  1819. 

Oersted,  a  Banish  philosopher,  submitted 
these  phenomena  to  examination,  and 
found,  that  if  the  wire  in  which  a  voltaic 
current  is  passing  is  plaeed  over  a  freely 
suspended  magnetic  needle  in  the  same 
vertical  plane,  the  latter  is  instantly  de- 
flected, and  sets  itself  at  right  angles  to 
the  current,  its  north  pole,  we  will  sup- 
pose, being  turned  to  the  east.  If  it 
is  then  placed  beneath  the  needle  in  the 
same  vertical  plane,  the  current  still  pass- 
ing iv.  the  same  direction,  it  is  also  deflected,  but  now  the 
north  po\«  turns  to  the  west. 

I:  \i\  ihioe  of  usitis:  a  straight  wire,  it  is  bent  in  the  form  of* 
r*.  -rai.^v,  and  placed  in  the  same  vertical  plane  as  the  needle, 
a:,  i  surrounds  it,  when  a  current  is  sent  through  the  conductor. 
:n  Traversing  the  lower  limb  its  direction  is  tlTe  reverse  ot  what 


I 
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it  is  in  the  upper.  The  action  of  the  former,  therefore,  assists 
that  of  the  latter,  and  the  influence  over  the  needle  is  increased. 
The  stronger  the  current  of  voltaic  electricity,  the  greater  its 
effect.  The  nearer  it  is  to  the  needle  the  greater  the  power  it 
possesses  over  it. 

By  Oersted's  discovery  the  intimate  relationship  between  elec- 
tricity and  magnetism  was  established.  This  finally  resulted  in 
giving  satisfactory  explanations  of  the  source  of  the  latter,  and 
why  the  compass  points  to  the  north. 

875.  Galvanometers. — If  in  place  of  passing  the  current  around 
the  needle  once,  we  cause  it  to  pass  twenty  or  a  hundred  times, 
A,    Fig.    358,    its    influence    is    increased, 
though  not  in  the  same  proportion.     This  is  Flt'  m 

the  principle  involved  in  the  galvanometer, 
multiplier,  or  rheometre. 

The  delicacy  of  a  galvanometer  depends 
upon  the  facility  with  which  its  needle  will 
turn.  This  is  greater  as  the  directive  force 
of  the  earth  upon  it  is  diminished.  There- 
fore, two  with  their  poles  reversed  as  in  the 
astatic  system  are  used.  The  directive  force 
of  the  earth's  magnetism  is  thus  reduced  to  a 
very  low  point,  and  a  feeble  current  will 
produce  movement.     The  insulated  wire  is 

Eiassed  a  number  of  times,  A,  around  the 
owcr  needle  of  the  system;  it  is  usually  wound  around  a  flat 
spool  of  bone  or  ivory,  with  the  lower  needle,  in  the  interior 
and  the  upper  above  it.  A  current  passed  through  this  arrange- 
ment affects  the  former  powerfully,  and  provides  a  very  delicate 
instrument  for  the  detection,  not  only  of  the  presence  of  electric 
disturbance  but  its  direction.  The  latter  is  varied  by  means  of 
the  commutator,  which,  by  the  turning  of  a  button,  changes  the 
connections  and  consequently  the  course  of  the  current. 

Galvanometers  arc  constructed  either  for  measuring  intensity 
or  quantity.  In  the  first  case  the  current  having  considerable 
tension,  the  number  of  turns  may  be  hundreds  or  thousands 
(that  of  Du  Bois-Rcymond  made  27,000  turns),  and  the  wire  ex- 
ceedingly tine.  In  the  other,  the  wire  must  have  a  much  greater 
diameter  to  give  the  least  possible  resistance,  and  make  only  a 
few  turns  around  the  needle.  If  beyond  fifteen  or  twenty,  the 
influence  of  the  current  on  the  needle  is  diminished. 

The  wire  must  be  absolutely  pure,  ami  free  from  every  trace 
of  iron,  otherwise  it  will  interfere  with  the  action  of  the  current. 
The  insulating  material  must  be  white  silk,  not  green,  as  the 
latter  contains  iron. 

The  needles  are  suspended  by  a  filament  of  silk,  and  the 
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whole  arrangement  protected  from  dust  and  currents  in  the  air 
by  a  glass  shade. 

The  combination  of  a  galvanometer  xoith  a  thermoelectric  pile  con- 
stitutes a  very  delicate  means  of  measuring  minute  changes  in 
temperature  (853). 

A  shunt,  by  which  the  amount  of  current  passing  through  is 
regulated,  is  usually  supplied  with  each  instrument. 

In  Thomson' fs galvanometer  the  needles  are  very  small,  and  con- 
nected by  a  wire  of  aluminium  astatically.  This  bears  a  slightly 
concave  mirror  about  a  quarter  inch  in  diameter,  needles  and 
mirror  weighing  about  one  grain.  The  scale  is  placed  hori- 
zontally about  two  or  three  feet  distant.  A  slit  below  it,  illu- 
minated by  a  lamp,  allows  a  narrow  beam  of  light  to  fall  upon 
the  galvanometer  mirror  which  reflects  it  back  upon  the  stile, 
and  thus  gives  accurate  indications  of  the  movements. 

Wiedemann's  boussole.  In  this  a  magnetized  ring  is  suspended 
in  the  interior  of  a  hollow  thick  cylinder  of  copper,  an  alu- 
minium wire  attached  to  it  bears  a  mirror  by  which  its  more- 
ments  are  indicated.  The  coils  through  which  the  currents  pass 
are  arranged  on  each  side  of  the  copper  chamber.  The  latter 
acts  as  a  damper  by  reason  of  the  currents  set  up  in  it  by 
movements  of  the  needle.  By  means  of  an  accessory  magnet 
the  needle  is  made  astatic.  The  advantage  of  this  instrument 
is  that  the  current  slowly  swings  the  needle  to  its  maximum 
deflection,  where  it  rests  without  oscillation. 

Thomson's  galvanometer  and  Wiedemann's  boussole  are  pro- 
vided with  two  coils,  in  which  currents  can  be  made  to  traverse 
in  the  same  or  opposite  directions ;  in  the  latter  case  the  results 
are  differential — that  is,  two  currents  may  be  compared  re- 
garding  their  strength. 

876.  Rheostats  are  instruments  for  measurement  of  resistance 
to  the  electric  current,  and  are  essential  in  investigating  prob- 
lems in  electrophysiology. 

One  of  the  simplest  torms  is  Wheatstone's  rlieostat.  It  consists 
of  two  cylinders,  one  of  brass,  the  other  wood,  with  a  similar 
spiral  groove  on  each,  carrying  a  fine  brass  wire  forty  yards  longt 
arranged  to  wind  from  one  cylinder  to  the  other.  The  brass 
being  a  good  and  the  wooden  a  bad  conductor,  the  turns  of  wire 
on  the  latter  are  insulated  from  each  other,  and  thus  as  more  or 
less  is  wound  thereon  a  varying  and  known  resistance,  corre- 
sponding to  the  number  of  turns  therein,  is  introduced  into  the 
circuit. 

When  greater  resistances  are  introduced  the  resistance  box 
is  employed.  It  consists  of  a  series  of  bobbins  of  insulated 
wire,  a  greater  or  less  number  of  which  may  be  thrown  into 
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Fig.  859. 


circuit  by  means  of  thick  brass  plugs.  When  all  are  in  there 
is  the  least  resistance,  with  all  out  the  greatest. 

For  greater  resistances,  tube  rheostats  containing  distilled  water 
are  used,  the  wires  passing  into  it  through  stoppers  at  each  end* 
A  column  of  water  one  metre  long  and  one  millimetre  in  diam- 
eter, offers  as  much  resistance  to  an  electric  current  as  a  copper 
wire  of  the  same  diameter  and  long  enough  to  make  167  turns 
around  the  earth. 

For  the  following  descriptions  of  the  long  compensator  and 
Wheatstone's  bridge  we  are  indebted  to  Robertson^  work. 

877.  The  Long  Compensator  consists  practically  of  a  single  uni- 
form wire  of  brass  two  metres  long,  and  1.75  mm.  in  diameter. 
It  is  stretched  on  a  piece  of  wood  between  two  brass  plates, 
fitted  with  binding  screws,  A  and  B.  On  it  is  a  slider,  S, 
which  can  be  moved  from  one  end  to  the  other  and  makes  con- 
tact all  the  way.  It  also  carries  a  binding 
screw.  From  a  constant  element,  E,  a 
wire  is  led  to  A,  and  another  to  B.  A  key 
may  be  interposed  on  the  way.  From  A 
and  S  wires  are  led  to  the  side  cups  of  the 
commutator  which  has  the  cross  in,  and 
from  end  cups  they  go  to  G,  the  galvano- 
meter. Now,  the  current  from  E  will  pass 
to  A,  and  may  here  branch  into  two  cir- 
cuits, the  long  circuit  by  the  commutator 
to  G,  and  back  through  it  to  S,  then  on 
to  B  and  back  to  E ;  and  the  short  circuit 
straight  along  the  wire  A  B,  and  back  to 
E.  If  the  slider  S  is  close  to  A,  it  is 
easy  to  see  that  all  the  current  will  be 
short-circuited,  and  none  will  go  through 
the  galvanometer.  If,  however,  it  is  moved  away,  then  a  small 
amount  will  find  its  way  through  G,  and  this  increases  the 
further  S  is  removed  from  A.  In  fact,  the  amount  sent  through 
G  will  be  proportional  to  the  distance  A  S.  Thus  its  strength 
can  be  varied  at  pleasure,  and  measured.  Further,  it  can  be 
sent  in  either  direction  through  G  by  means  of  the  commutator. 
If  this  is  down  towards  1,  it  will  pass  in  the  direction  of  the 
continuous  arrow;  if  towards  2,  it  will  traverse  G  following  the 
dotted  arrow. 

878.  Wheatstone's  Bridge  is  shown  in  diagram  in  Fig.  360. 
At  e  is  a  Daniell's  element;  and  A  B  is  the  platinum  wire  of 
a  long  compensator,  of  which  s  is  the  slider.  From  e  the  posi- 
tive electrode  goes  to  A,  the  negative  to  B.  From  A  a  wire 
passes  to  r,  the  body  whose  resistance  is  to  be  measured,  from 
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which  again  a  wire  is  carried  to  one  binding  screw  of  R  e,  a  re- 
sistance box,  from  whose  other  binding  screw  a  wire  makes  con- 
nection with  the  end  B  of  the  compensator  wire.     To  the  same 

binding  screw  c  of  the  resistance  box 
Fio.  360.  R  e,  by  which  r  is  connected  with  it, 

another  wire  leads  to  the  galvano- 
meter G,  and  the  other  terminal  ot 
G  is  attached  to  the  slider  a  of  the 
long  compensator.  When  the  cur- 
rent reaches  A  it  will  split  into  two 
branches,  one  passing  along  the  long 
wheatrtonc-s i.ri.i*e.  compensator  to  B,  and  the  other  to 

r,  c,  and  R  e.  But  at  s  and  c  these 
will  also  split,  part  of  r  c,  R  e,  passing  down  to  the  galvano- 
meter, part  of  A  8,  B,  passing  up  to  G.  These  two  currents 
being  in  opposite  directions,  will  deflect  the  needle  in  contrary 
ways.  If  one  is  in  excess,  it  will  deflect  the  needle  in  one 
direction;  if  the  other,  in  the  opposite;  if  both  are  equal,  they 
neutralize  one  another,  and  it  will  remain  at  zero;  or,  to  put  it 
more  accurately,  when  the  potential  at  s  is  equal  to  that  at  c,  no 
current  will  pass  through  the  galvanometer. 

As  already  explained,  the  strength  of  the  current  in  the  two 
branches  depends  on  the  resistances  therein,  and  can  be  altered 
by  the  position  of  the  slider  s.  Consequently,  all  that  is  neces- 
sary to  secure  equal  potentials  at  c  and  s  is  to  move  the  slider 
one  way  or  the  other,  until  the  needle  returns  to  zero,  this  indi- 
cating the  desired  equality.  Now,  it  can  be  shown,  that  when 
no  current  traverses  the  galvanometer,  the  resistance  of  r  is  to 
that  of  R  e,  as  the  resistance  of  A  s  is  to  that  of  s  B;  thus: 

r  :  R  e  :  :  A  8  :  s  B. 

Put  in  another  way,  this  is: 

r    As 

R~s  ~~  s  B' 
and,  therefore, 

R,   .A.  6 
e  x  -^. 
s  B 

Xow  r  is  the  resistance  to  be  measured,  R  e  is  that  in  the  box, 
which  is  read  off  at  once  according  to  the  number  of  plugs  out, 
and  A  s  and  s  B  are  those  of  the  lengths  of  the  compensator 
wire  on  each  side  of  the  slider,  which  are  also  known.  Thus,  r, 
that  to  be  measured,  is  given  in  terms  of  R  e,  A  s,  and  s  B, 
resistances  that  are  known.  The  box  is  used,  because  by  pulling 
out  or  inserting  plugs  its  resistance  can  be  varied  at  pleasure. 
According  to  that  thrown  in  by  it  will  be  the  position  of  the 
slider,  and  thus,  by  varying  it,  it  becomes  easier  to  adjust  that 
properly. 
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879,  Electromagnets.  —  If  an  insulated  copper  wire  -\ ia 

wound  in  a  helix  around  a  rod  of  soft  iron,  A,  and  a  voltaic  cur- 
rent passed  through  the  former,  the  core  of 

the  latter  at  once   becomes  powerfully  mag-  p-l0  ^fil. 

netized.     It  attracts  other  masses  of  iron  with 

far  greater  force  than  an   ordinary  magnet. 

It  exhibits  polarity,  having  a  north  and  south 

pole,  N  S.    Brought  into  the  vicinity  of  others, 

or  of  electromagnets,  it  shows  attraction  and 

repulsion.    The  moment  the  current  is  broken, 

or  opened,  magnetism  ceases.     The  instant  it 

is  closed  it  reappears  in  its  original  intensity. 

The  magnetism  is,  therefore,  the  product  of  the 

action  of  the  electric  current  upon  the  soft  iron 

core,  lasting  while  it  lasts,  ceasing  when  it  Ki.^tn.nuwr. 

ceases. 

By  bending  the  soft  iron  into  the  form  of  a  horseshoe,  as  in 
ordinary  artificial  magnets,  Fig.  361,  and  winding  the  wire  to 
have  it  bear  the  same  relation  to  the  core  as  though  straight, 
the  approximation  of  the  poles  increases  the  magnetic  effect. 
Care  must  he  taken  that  there  is  no  reversion  in  the  winding, 
or  the  effect  will  be  diminished  in  the  same  proportion. 

Other  things  being  equal,  an  increase  in  the  number  of  turns 
up  to  a  certain  point,  adds  to  the  effect.  After  that,  distance  of 
the  circuit  becomes  too  great  to  affect  the  core,  and  increased 
resistance  causes  diminution. 

The  greater  the  diameter  of  the  wire,  the  stronger  the  mag- 
netism produced,  especially  with  currents  of  feeble  intensity. 

The  larger  the  elements  of  the  battery  the  greater  the  mag- 
netic effect.  A  sufficient  number  of  elements  to  drive  the  current 
freely  through  the  wire  is,  of  course,  essential. 

The  iron  used  should  he  as  pure  as  possible,  otherwise  it  will 
not  gain  and  lose  its  magnetism  suddenly  with  the  closing  and 
opening  of  the  circuit.  That  which  remains  in  the  core  is  called 
the  residual  charge.  With  large  magnets  this  may  be  broken  up 
by  u  very  sudden  reversal  of  poles. 

Projection  of  the  core  beyond  the  ends  of  the  coils  of  wire 
gives  a  stronger  magnetic  effect. 

Providing  the  core  has  sufficient  thickness  for  the  develop- 
ment of  magnetic  effects,  it  does  not  seem  to  matter  whether  it 
is  solid  or  hollow. 

Foragivcn  weight  of  iron,  abundle  of  wires  will  give  a  better 
effect  than  the  same  weight  in  the  form  of  a  single  bar. 

880.  Electromagnetic  Motors. — Various  plans  tor  the  adaptation 
of  electroniaguetism  to  the  construction  of  motors  have  been 
devised.     Among  these  machines  one  of  the  early  forms  con- 
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sisted  of  a  coil  of  wire  around  a  hollow  case  of  pasteboard.  In 
the  interior  of  this  there  was  a  rod  of  soft  iron  six  or  eight  inches 
longer  than  the  core.  The  arrangement  being  placed  with  this 
rod  in  the  vertical  position  its  top  just  above  the  coil,  on  passing 
a  current  it  was  raised,  on  breaking  it  fell,  so  a  reciprocating 
motion  was  obtained,  which  by  a  crank  could  easily  be  converted 
into  one  of  rotation. 

Another  method  was  to  use  a  horseshoe  electromagnet,  the 
keeper  attached  to  a  crank  movement  of  a  wheel.  The  instru- 
ment made  and  broke  the  circuit  itself.  The  circuit  being  made 
the  keeper  was  attracted;  the  moment  it  nearly  reached  the 
magnet  the  former  was  broken,  magnetism  was  lost,  and  the 
momentum  gained  by  the  wheel  carried  the  latter  to  the  oppo- 
site limit  of  movement,  when  the  circuit  was  again  closed  and 
the  keeper  attracted — thus  a  movement  of  rotation  was  estab- 
lished. 

In  modern  machines  a  number  of  electromagnets  are  arranged 
upon  the  circumference  of  a  wheel.  Each  of  these  acts  through 
a  very  small  distance,  but  the  deficiency  in  this  respect  is  maile 
up  by  their  number. 

The  exceedingly  small  distance  through  which  magnetic  at- 
tractions exert  their  greatest  efficiency  has  been  the  chief  diffi- 
culty in  the  way  of  the  application  of  electromagnetism  as  a 
motor. 

881.  Cost  of  Magnetic  Motors. — Until  quite  recent  times,  the 
cost  of  producing  electricity  by  oxidizing  zinc  in  a  battery  has 
prevented  the  use  of  this  agent  as  a  motor.  At  present,  how- 
ever, improvements  in  its  development  from  motion,  and  also  in 
electromotors,  render  it  quite  possible  that  we  are  on  the  eve  of 
its  application  as  the  motor  on  our  elevated  railways,  and  for 
numerous  purposes  in  the  arts  and  manufactures. 

Even  at  present,  where  small  mechanical  effort  is  required,  or 
the  production  of  effects  at  a  distance,  as  in  the  telegraph,  elec- 
tromagnetism cannot  be  supplanted. 

882.  Electric  Bells  and  Clocks  consist  in  the  adaptation  of  an 
electromagnet  to  the  mere  sounding  of  an  alarm  by  the  rapid 
making  and  breaking  of  a  current;  or  to  the  regular  make  and 
break  as  in  the  beat  of  seconds;  or  to  controlling  the  move- 
ment of  the  pendulum  by  currents  from  a  clock  at  a  central 
station.  In  some  instances  signals  are  transmitted  at  regular 
intervals,  and  the  minute  hand  moves  over  two  or  three  minutes 
at  once. 

A  continuous  circuit  from  a  gravity  battery  is  found  to  work 
the  best,  the  signal  being  given  by  breaking  the  current. 
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883.  •  The  Morse  Telegraph. — Though  the  discussion  of  the  tele- 
graph is  properly  outside  of  the  limits  of  a  work  on  medical 
physics,  yet  its  universal  use  makes  it  necessary  that  we  should 
say  a  few  words  regarding  the  principles  and  facts  involved  in 
the  Morse  system. 

It  consists,  1st,  of  a  battery  and  its  circuit  of  wire.  The  battery 
varies  in  different  countries,  some  form  of  the  Daniell  is  perhaps 
best.  The  wire  is  of  galvanized  iron,  suspended  by  insulated 
glass  supports  on  poles  or  posts.  But  one  wire  is  required,  the 
return  current  at  both  distant  and  near  stations  being  delivered 
into  the  earth,  which  acts  the  part  of  a  common  reservoir. 

2d.  A  communicator  for  sending  the  signals,  consists  of  a  hori- 
zontal lever  by  which  the  circuit  is  closed  and  opened,  and 
signals  at  the  distant  station  produced.  These  consist  of  dots 
and  dashes.  If  the  lever  ^ives  only  momentary  contact,  a  dot  is 
formed;  prolonged  for  a  time,  a  dash  is  the  result.  By  a  com- 
bination of  these  the  letters  of  the  alphabet  are  made  up,  as 
follows : 

A  B  C  D  E  F  G 


II  I  J  K  L  M  N 


O  P  Q  R  S  T 


•  •       •   •  • 


V  A'  W  X  Y  z 


1  2  3 


(J  7  8  0  0 


.  •   *  • 


PERIOD.  COMMA,  SEMICOLON  ;  QUOTATION 


u  » 


EXCLAMATION!       INTERROGATION  ?      PARENTHESIS  (  )      PARAGRAPH  If 

3d.  The  relay  or  secondary  battery,  which  receives  the  signals 
and  imparts  to  them  additional  force,  enabling  them  to  work  the 
indicator. 

4th.  The  indicator,  which  receives  signals  from  the  relay  and 
records  them  upon  a  strip  of  paper  passing  under  the  point  of 
its  pencil. 
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5th.  The  sounder,  bv  which  the  clicking  or  noise  caused  bv 
the  movement  of  the  keeper  of  the  electromagnet  is  increased, 
has  now  come  into  general  use,  and  replaced  the  indicator  on 
manv  lines.     In  this  case  the  message  is  read  bv  sounds  alone. 

884.  The  Needle  Telegraph  is  virtually  a  vertical  galvanometer 
with  an  astatic  needle,  or  a  single  one  formed  of  several  pieces 
of  stronsrlv  magnetized  steel.  This  works  within  a  bobbin  of 
wire,  and  carries  a  light  index  outside  indicating  its  movement?. 

These  are  made  by  passing  the  current  through  the  multiplier 
in  different  directions  bv  means  of  a  commutator.  The  deflec- 
tions  are  to  the  right  or  left,  thus  producing  the  letters. 

885.  Reactions  of  Currents  npon  Currents  and  Magnets  were  first 
investigated  by  Ampere.  Their  consideration  properly  l>elongs 
to  dynamic  electricity,  but  since  their  application  is  chiefly  iu 
explanation  of  the  action  of  the  compass  needle,  we  have  deferred 
their  examination  to  this  point. 

The  apparatus  used  for  demonstration  of  these  laws  consist* 
of  wires  bent  in  rectangular  and  circular  forms.  One  is  sus- 
pended  to  move  freely,  while  the  other  is  placed  in  any  required 
fixed  position.  Also  of  magnets  freely  suspended,  or  fixed,  as 
the  case  mav  be. 

The  leading  facts  are  as  follows: 

1st.  Two  currents  parallel,  and  in  the  same  direction,  attract 
one  another. 

2d.  Two  currents  parallel,  but  in  contrary  directions,  rej»el 
each  other. 

3d.  A  finite  movable  current,  approaching  a  fixed  infinite 
current,  is  acted  on  to  move  in  a  direction  parallel  and  opposite 
to  that  of  the  latter;  if  the  former  tends  from  the  fixed  eunvnt, 
it  is  acted  on  to  move  parallel  to  it  and  in  the  same  direction. 

4th.  The  earth  exerts  a  directive  action  on  closed  currents 
movable  about  a  vertical  axis:  the  current  places  itself  in  a 
plane  perpendicular  to  the  magnetic  meridian,  so,  for  an  observer 
looking  at  the  north,  it  is  descending  on  the  east  of  its  axis  of 
rotation,  ami  ascending  on  the  west. 

oth.  A  magnet  movable  and  the  current  fixed,  the  former 
sets  itself  at  ri^ht  angles  to  the  latter. 

886.  Solenoids. — A  wire  wound  in  a  long  spiral  around  a  bar 
of  >»*f:  iron  imparts  magnetism  to  it  when  a  voltaic  current 
passes.  If  the  spiral  coil  alone  is  taken  without  the  core,  and 
the  wiiv  oMiwviiii:  the  current  passes  down  the  centre  of  the 
helix.  :i.e  arrangement  being  freely  suspended,  it  will  take  up  a 
norri.  ai:d  south  position,  and  exhibit  true  {totality.     This  ar- 
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rangement  is  called  a  solenoid,  S.     It  may  be  defined  as  a  com- 
bination of  a  sinuous  with  a  rectilinear  current. 

If  the  north  pole   of  one  solenoid  is  presented   to  that   of 
another,  they  repel  each  other.     If  a   north  to  a  south,  they 


Fig.  302. 


West 


Nnrtli 


East 


South 


The  twlenoid. 


attract.  In  like  manner,  if  the  north  pole  of  a  magnet  be  pre- 
sented to  that  of  a  solenoid,  it  is  repelled;  if  to  the  south,  it  is 
attracted. 

887.  Why  the  Compass  Needle  Points  North. — As  the  culmina- 
tion of  his  work  on  electric  currents,  Ampere  gives  the  following 
theory  of  the  magnetic  needle,  and  the  reason  it  points  to  the 
north.     The  process  of  reasoning  is  as  follows: 

1st.  The  molecules  of  all  magnetic  substances  are  traversed 
by  closed  electric  currents,  free  to  move  about  their  centres. 

2d.  When  the  substance  is  magnetized  these  are  all  coerced 
into  a  parallel  direction,  the  stronger  the  force  the  more  perfect 
their  parallelism.  When  all  are  completely  parallel  the  sub- 
stance is  said  to  be  saturated. 

3d.  The  effect  of  the  preceding  action  is  as  though  a  single 
strong  current  traversed  the  exterior  of  the  magnet,  which  may 
now  be  regarded  as  the  equivalent  of  a  solenoid. 

4th.  The  presentation  of  various  parts  of  the  equatorial  re- 

fions  of  the  earth's  surface  in  succession  to  action  of  the  sun, 
evclops  in  its  surface  thermoelectric  currents  which  circulate 
around  the  globe  from  cast  to  west,  very  nearly  in  the  course 
of  the  collator. 

5th.  Ihese  exert  a  directive  force  upon  magnetic  needles,  for 
they  come  to  rest  if  freely  suspended,  when  the  currents  on  their 
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under  surface  are  parallel  to  the  terrestrial.  Since  the  axis  of 
the  needle  is  at  right  angles  to  its  currents,  it,  therefore,  points 
to  the  north. 

888.  Paramagnetism. — Iron,  cobalt,  and  nickel  are,  properly 
speaking,  the  three  magnetic  bodies,  when  submitted  to  the 
action  of  an  ordinary  artificial  magnet.  But,  if  in  place  of  an 
artificial,  a  powerful  electromagnet  is  used,  we  then  find  that 
a  great  number  of  substances  will,  like  iron,  set  themselves  in 
the  line  of  the  two  poles.  These  are  called  paramagnets.  Those 
which  do  not  are  nevertheless  acted  upon,  and  set  themselves 
across  this  line,  or  equatorially.     They  are  diamagnetics. 

Among  those  included  in  the  paramagnetic  group  are  iron, 
cobalt,  nickel,  manganese,  platinum,  cerium,  osmium,  and  pal- 
ladium. Glass,  according  to  its  composition,  may  be  paramag- 
netic or  diamagnetic.  Also,  many  kinds  of  paper,  sealing-wax, 
fluorspar,  graphite,  charcoal,  etc. 

Amoug  liquids  are  solutions  of  iron,  cobalt,  nickel,  etc.  Tubes 
containing  these  set  themselves  axially  between  the  poles  when 
a  current  is  passed. 

The  efleet  of  magnets  on  these  liquids  is  seen  by  placing  them 
in  thin  watch-glasses  between  the  poles,  and  directing  a  beam 
of  light  upon  them.  According  as  their  form  changes,  the  light 
is  converged  or  dispersed. 

Among  gases,  Faraday  fouud  that  oxygen  was  magnetic  under 
ordinarv  circumstances. 

The  condition  under  which  a  bodv  is  examined  affects  it? 
relations.  Oxygen,  for  example,  becomes  diamagnetic  if  its 
temperature  is  raised.  A  substance  paramagnetic  iu  vacuo, 
mav  be  diamagnetic  in  air. 

889.  Diamagnetism. — All  bodies  which  set  themselves  equa- 
torially to  the  line  connecting  the  poles  of  the  magnet  are 
included  in  this  group. 

Amousr  metals  are  bismuth,  antimonv,  zinc,  tin,  mercury, 
lead,  silver,  copper,  gold,  and  arsenic.  Their  action  is  in  the 
order  given,  arsenic  being  most  feeble.  In  addition,  are  rock 
crystal,  alum,  glass,  phosphorus,  iodine,  sulphur,  sugar,  and 
bread. 

Among  liquids,  are  water,  blood,  milk,  alcohol,  ether,  oil  of 
turpentine,  and  most  saline  solutions. 

All  flames  or  heated  gases  are  diamagnetic.  Faraday  mingled 
«ses  with  visible  vapor,  aud  allowed  them  to  ascend  between 
the  }>oies  of  a  magnet  and  ol*served  their  deflections.  He 
found  that  while  oxygen  was  paramagnetic,  nitrogen  was  dia- 
uia^rnctic,  and  hwiivcen  most  diamagnetic.  Iodine  also  shows 
the  latter  reaction  weil  marked. 
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890.  Diamagnetic  Illustrations. — A  copper  rod  freely  suspended 
sets  itself  at  once  equatorially  between  the  poles.  A  copper 
cube  set  in  rapid  rotation  between  the  latter,  ceases  to  move  the 
moment  electricity  is  sent  through  the  bobbins.  A  circular 
thin  disk  of  copper,  set  in  motion  on  an  axis  by  a  suitable 
system  of  cog-wheels,  stops  when  the  current  passes.  The  flame 
of  a  piece  of  resin  or  camphor  placed  beneath  the  pointed  poles 
is  thrust  aside  the  moment  the  circuit  in  the  electromagnet  is 
closed.  It  looks  as  though  it  were  blown  down  upon  from 
above,  so  strongly  is  it  driven  away. 

891.  Action  of  Magnet  on  Polarized  Light. — Two  powerful  elec- 
tromagnets are  placed  with  their  axes  in  the  same  straight  line. 
The  centres  of  their  iron  cores  are  perforated.  A  source  of  light 
is  placed  opposite  the  opening  at  the  end  of  one,  and  in  this  a 
Nicol  prism  is  inserted.  A  beam  of  polarized  light  is  thus  intro- 
duced into  the  apparatus;  between  the  poles  of  the  magnets  a 
block  of  ordinary  or  flint  glass  is  placed,  and  in  the  opening  at 
the  further  end  of  the  second  magnet  a  Nicol  analyzer.  The  two 
Nicol  prisms  are  crossed  so  that  light  does  not  pass.  The  cur- 
rent is  then  sent  along  the  wires,  when  at  once  colored  light 
passes  through  the  apparatus,  the  tint  changing  as  the  analyzer 
is  turned. 

Faraday  assumed  that  this  action  was  the  result  of  the  effect 
of  magnetism  on  the  polarized  ray;  while  Becquerel  attributes 
it  to  action  of  the  magnet  upon  the  molecules  of  the  body 
placed  between  the  poles. 
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In  1832,  Faraday  discovered  that  instantaneous  currents  of 
electricity  are  produced  in  wires  placed,  1st,  under  the  mo- 
mentary influence  of  metallic  conductors  traversed  by  electric 
currents;  2d,  under  the  influence  of  powerful  magnets;  3d,  the 

action  of  the  earth  itself. 
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892.  Current!  Induced  by  Magnets. — Conceive  that  we  have  * 
hollow  coil  of  wire  connected  with  a  galvanometer.  If  into 
the  interior  of  this  a  strong  magnet  is  suddenly  introduced,  a 
momentary  current  is  produced,  as  shown  by  the  needle  of  (be 
galvanometer  moving  and  instantly  returning  to  zero.  When 
this  ends  the  current  ceases.  On  suddenly  withdrawing  the 
magnet  it  is  again  produced,  but  this  time  in  an  opposite 
direction  to  the  first  experiment.  Again  it  only  lasts  while  (lie 
magnet  is  moving,  and  is  strongest  when  the  latter  move* 
quickly. 

In  the  previous  experiment  an  oscillating  motion  is  employed, 
but  in  practice  a  more  satisfactory  way  of  producing  the  result 
is  adopted.  Take  a  powerful  compound  horseshoe  magnet,  A, 
and  let  two  keepers,  B,  he  arranged  to  revolve  rapidly  oppoeile 


one  side  of  its  poles  by  means  of  the  winch  and  multiplying 
wheels  "W  W  'W  .  When  one  is  opposite  the  north  pole  of  the 
magnet,  that  end  will  have  strong  south  magnetism  induced  in 
it.  When  opposite  the  south  it  will  in  like  manner  have  strong 
induced  north  magnetism.  The  same  will  be  the  case  with  the 
other  keeper,  as  they  are  mounted  on  the  same  axis.  By  rapid 
revolution  they  are  alternately  magnetized,  demagnetized,  and 
reversed.  If  around  each  a  coil  of  line  insulated  wire  is  placed, 
the  magnetization  and  demagnetization  of  the  soft  iron  core 
will  have  the  same  result  as  though  a  magnet  was  suddenly 
introduced  into  the  coil,  and  a*  quickly  withdrawn — that  is- 
curreuts  will  he  induced  therein,  and  they  will  alternately  run 
in  opposite  directions. 

Though  each  is  exceedingly  feeble,  and  will    scarcely  give 
either  a  spark  or  shock,  yet  when  they  follow  each  other  with 
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great  rapidity  they  cause  very  profound  physiological  effects, 
and  are  employed  for  medical  purposes. 

In  the  primitive  form  of  the  apparatus  we  have  here  de- 
scribed, the  direction  of  the  current  is  continually  alternating. 
By  means  of  suitable  contrivances  called  commutators,  these 
may  be  made  to  take  the  same  course,  and  yield  a  uniform  cur- 
rent in  a  fixed  direction. 

893.  Currents  Produced  by  Electromagnets. — In  this  case  the 
apparatus  consists  of  the  following  parts  :  1st,  a  battery  and  cir- 
cuit ;  2d,  an  interrupter ;  3d,  the  primary  coil;  4th,  the  secondary 
coil. 

The  battery  employed  is  usually  a  Grenet,  worked  by  the 
electropoion  fluid. 

From  this  the  wires  pass  to  a  small  magnet  called  the  inter- 
rupter, the  function  of  which  is  to  open  and  close  the  circuit. 
When  the  keeper  is  attracted,  the  circuit  is  opened.  The  mag- 
uetism  being  then  lost,  a  spring  raises  it,  and  the  circuit  is  closed, 
when  again  the  keeper  is  attracted  and  it  is  broken.  Some- 
times this  motion  is  accomplished  by  an  inverted  pendulum, 
which  has  the  advantage  of  giving  very  slow  movement,  or  an 
exceedingly  rapid  one. 

From  the  interrupter  the  wire  from  the  battery  or  the  primary 
current  passes  to  the  electromagnet,  where  it  is  wound  spirally 
in  an  insulated  coil  around  a  soft  iron  core,  consisting  of  a 
bundle  of  iron  wires.  Whenever  the  circuit  is  closed,  the  bundle 
becomes  a  powerful  magnet;  when  opened,  the  magnetism  is 
lost.  It  is  introduced,  or  withdrawn  partially,  or  wholly  at 
pleasure;  a  slight  introduction  gives  feeble  magnetism,  com- 
plete, strong  magnetism  and  a  powerful  current. 

Outside  of  this  primary  circuit  and  its  enclosed  iron  core,  an- 
other insulated  coil  of  exceedingly  fine  wire,  several  hundreds 
yards  in  length,  is  wound.  When  that  in  the  interior  is  mag- 
netized by  the  primary  circuit,  a  current  is  instantly  established 
in  the  outer  coil.  When  magnetism  ceases  another  instantaneous 
current  runs  in  the  opposite  direction  in  the  latter. 

This  is  the  induced*  rnagnetoelectric,  or  Faradair  current.  As  ex- 
plained, it  continually  alternates  as  regards  its  course.  It  is 
employed  for  medical  purposes,  and  the  power  of  its  action  may 
be  made  to  differ,  either  by  variation  in  the  rate  of  oscillation  of 
the  keeper,  or  by  the  extent  to  which  the  core  of  the  magnet  is 
introduced. 

894.  Indnctorinm. — The  apparatus  described  (893)  will  scarcely 
yield  a  visible  spark,  though  it  gives  very  powerful  physiological 
results.  By  an  improved  form,  sparks  of  considerable  length  are 
obtained,  and  its  power  vastly  increased.  Such  an  arrangement 
is  called  an  inductorium  or  Khumkorff  coil. 
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The  great  increase  of  power  in  the  inductorium  ia  due,  1st,  to 
the  introduction  of  a  condenser,  C,  into  the  primary  current;  2d, 
to  the  manner  in  which  the  secondary  coil  S  iB  wound;  3d,  to 
its  careful  insulation ;  and,  4th,  to  the  method  by  which  the  cur- 
rent in  the  primary  circuit  from  the  battery  is  broken. 

The  battery  employed  for  a  coil  capable  of  giving  a  ten  inch 
spark,  is  half  a  dozen   large  sized  electropoiou  cells,  its  zincs 


six  by  eight  inches,  and  at  least  two  in  each  cell.  A  Bunsen 
battery,  with  elements  of  the  largest  size,  may  be  employed. 

From  the  battery  the  current  passes  through  the  interrupter 
I,  through  the  coil  of  the  magnet  -\ — ,  and  the  condenser  C. 
The  latter  consists  of  a  great  number  of  sheets  of  tinfoil  and 
paper  soaked  with  resin.  These  are  laid  in  alternate  layers, 
with  the  tin  shoots  insulated  from  each  other  by  the  paper.  The 
ends  of  the  alternate  layers  of  tinfoil  project  first  on  the  right 
and  then  the  left  of  the  pile,  when  completed.  The  former 
are  connected  with  one  wire  from  the  battery,  the  latter  with 
the  other.  Kadi  sheet  of  tin  presents  a  surface  of  about  half  a 
square  foot.  In  the  largest  toils  the  condenser  presents  a  total 
surface  of  some  seventy-five,  square  yards.  Its  action  is  to  re- 
ceive the  extra  current  produced  each  time  the  circuit  is  broken, 
and  utilize  it  in  an  instantaneous  demagnetization  of  the  bundle 
of  soft  iron  wire.  For  the  best  effect — that  is,  production  of  the 
longest  spark — the  contact  is  broken  by  a  stroke  of  a  small 
hammer.  It  is  also  interrupted  by  an  electromagnet,  where 
qpartn  in  rapid  succession  are  required.  The  surfaces  at  which 
Contact  is  broken  are  of  platinum. 

The  secondary  coil  sometimes  contains  as  much  as  280  miles 
«l  very  fine  wire,  which  is  not  only  itself  carefully  insulated,  bat 
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each  coil  therein  is  separated  from  the  next  by  a  layer  of  shellac. 
Between  the  secondary  and  the  primary  there  is  a  glass  cylinder, 
making  the  insulation  as  perfect  as  possible. 

895.  Experiments  with  Inductorium. — Induced  currents  are  pro- 
duced in  the  coil  each  time  the  circuit  is  opened  and  closed. 
That  on  opening  is  short  in  duration,  but  of  high  potential. 
That  of  closing,  of  longer  duration,  and  lower  potential.  The 
actions  are  physiological,  chemical,  calorific,  luminous,  and 
mechanical.  The  physiological  effects  are  sufficiently  intense  to 
prostrate  a  person.  A  large  coil  worked  by  two  Bunsen  ele- 
ments will  kill  a  rabbit,  and  doubtless  with  a  larger  number 
would  destroy  a  man. 

The  calorific  properties  may  be  shown  by  intervening  a  very 
fine  iron  wire  between  the  two  polar  connections  of  the  induced 
currents.  It  is  instantly  melted.  If  two  tine  wires  are  attached 
to  these  poles  and  then  touched  to  each  other,  the  negative 
alone  melts. 

The  chemical  effects  vary  according  to  the  shape  and  direction 
of  the  platinum  poles  from  each  other,  and  the  degree  of  acidity 
of  the  water.  Luminous  effects  with  or  without  decomposition 
appear.  In  the  latter  mixed  gases  are  present  at  either  or  both 
poles.     Passed  through  air  its  nitrogen  and  oxygen  combine. 

The  luminous  effects  also  vary.  In  air  the  longest  spark  thus 
far  obtained  is  forty-two  inches.  This  is  greatly  intensified  when 
a  secondary  condenser  is  put  upon  the  induction  current.  In 
vacuo,  experiments  with  the  electric  egg  are  very  beautiful,  espe- 
cially as  regards  stratification  of  the  electricity.  The  positive 
pole  is  the  most  brilliant,  its  light  is  a  fiery  red;  while  the 
negative  is  a  feeble  violet,  and  extends  along  the  length  of  the 
negative  rod. 

The  mechanical  effects  consist  in  piercing  glass  plates,  some- 
times as  much  as  two  inches  thick.  This  is  accomplished  by  a 
series  of  sparks,  not  by  a  single  one. 

896.  Geisslers  Tubes. — These  are  tubes  which  have  been  filled 
with  various  gases  and  vapors,  and  then  exhausted.  Through 
their  extremities  platinum  poles  pass.  The  residual  gas  gives 
color  to  the  electric  discharge  as  it  passes.  The  striatum  ob- 
tained is  sometimes  very  beautiful.  Different  kinds  of  glass  and 
liquids  also  impart  to  the  electric  light  varying  colors.  The 
spectra  of  these  colored  electric  discharges  are  also  very  charac- 
teristic, so  that  each  gas,  as  hydrogen,  oxygen,  nitrogen,  carbon 
dioxide,  is  recognized  by  the  lines  of  its  special  spectrum. 
Light  from  these  tubes  has  been  employed  to  illuminate  the 
interior  of  different  cavities  in  the  body. 
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897.  The  Telephone  consists  of  a  steel  magnet,  some  four  inches 
long  and  half  an  inch  in  diameter.  Opposite  one  end  is  a 
diaphragm  of  thin  iron.  When  spoken  to,  this  is  thrown  into 
vibration  by  the  voice,  and  its  vibratious  cause  a  rapid  shifting 
in  position  of  the  pole  of  the  magnet.  Around  the  latter  a  coil 
of  wire  is  wound,  the  changing  of  the  pole  causing  a  current  of 
electricity  therein.  This  is  received  by  another  similar  con- 
trivance at  a  distance,  where  the  operation  is  reversed,  ami  the 
rapidly  alternating  current  from  the  first  instrument  products 
vibrations  in  the  soft  iron  disk,  or  diaphragm,  and  sounds  like 
those  received  at  the  other  are  emitted. 

898.  Dynamoelectric  Machines. — The  principle  involved  in  these 
is  somewhat  similar  to  that  of  the  ordinary  magnetoelectric 
machine,  and  illustrates  the  conversion  of  motion  or  force  into 
electricity.  There  are  many  different  forms,  which  we  cannot 
give  space  to  consider.  They  are  operated  by  steam  power, 
and  are  made  to  give  light  equivalent  to  many  thousands  of 
candle  power.  They  are  now  extensively  used  to  furnish  the 
currents  employed  in  street  lights.  These  have  great  intensity, 
and  if,  perchance,  they  pass  through  the  human  body,  instant 
death  is  the  consequence. 

Another  application  is  in  electroplating.  In  that  case  the 
current  is  manipulated  until  the  positive  and  negative  poles  are 
uniform  and  fixed. 
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Electrobiology  is  the  study  of  electricity  in  relation  to  living 
creatures,  whether  plants  or  animals,  and  examination  into  the 
effects  of  electricity  upon  thera.  It  may  be  divided  into  electro- 
physiology,  which  deals  with  their  normal  electric  conditions, 
and  electrotherapy,  or  the  effects  of  electricity  upon  them,  and 
its  medical  application. 

899.  Electricity  in  Plants. — Donne,  Du  Bois-Reymond,  Bec- 
querel,and  others,  have  proved,  that  if  one  platinum  terminal  of 
a  galvanometer  is  inserted  into  a  fruit  near  the  stem,  and  the 
other  into  the  opposite  part,  a  current  will  he  obtained.  In 
fruits  with  pips,  as  apples  and  pears,  its  course  is  from  the  stem 
to  the  bud;  in  stone  fruits,  as  peaches  and  plums,  it  is  in  the 
opposite  direction.  Prof.  Buff  has  pursued  these  investigations, 
and  finds  that  the  roots  and  all  parts  of  the  interior  of  plants 
filled  with  sap,  are  constantly  negative;  whereas,  on  the  con- 
trary, the  humid  or  moistened  interior  of  the  green  twigs, 
leaves,  flowers,  and  fruits,  are  in  a  state  of  permanent  positive 
electrification. 

The  discovery  of  these  facts  led  to  numerous  trials  regarding 
the  application  of  electricity  in  the  culture  of  plants,  but  with- 
out satisfactory  result. 

900.  Electric  Fishes. — The  gymnotus  or  electric  eel  of  South 
America,  the  torpedo  or  electric  ray  of  the  Mediterranean,  and 
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the  silurus  of  the  Nile,  possess  the  power  of  giving  very  strong 
electric  discharges.  This  is  entirely  voluntary,  and  employed 
for  offence  and  defence.  Faraday  says,  that  the  shock  given 
by  the  gymnotus  is  equal  to  that  of  a  Leyden  battery  of  15  jars, 
exposing  a  surface  of  25  square  feet.  The  first  discharge  is 
the  strongest,  each  succeeding  one  becoming  weaker  until  the 
creature  is  exhausted. 

In  the  torpedo,  the  electric  orgau  is  on  each  side  of  the  head 
between  the. pectoral  fins  and  gills.  It  consists  of  a  series  •>! 
membranous  prismatic  tubes  parallel  to  each  other,  and  sub- 
divided by  horizontal  diaphragms  into  cells  filled  with  albumi- 
nous liquid.  Its  structure  recalls  that  of  the  voltaic  pile.  In 
all  there  are  from  one  to  two  thousand.  They  are  connected 
with  a  special  lobe  of  the  brain,  called  the  electric  lobe. 

In  the  gymnotus  the  structure  of  the  organ  is  similar,  the 
prismatic  tubes  are  arranged  along  the  axis  of  the  animal,  ex- 
tending from  head  to  tail. 

901.  Apparatus  for  Investigating  Muscle  Currents. — The  requis- 
ites are  a  delicate  galvanometer  and  electrodes  which  do  not 
become  polarized,  and  will  not  give  a  current  when  placed  in 
contact  with  tissues,  nor  in  any  way  alter  them  while  in  USA, 
These  conditions  are  met  by  the  electrodes  of  Du  Bois-lieymond. 
They  consist  of  a  glass  tube  drawn  down  at  one  end,  and  stopped 
by  a  pellet  made  by  moistening  white  clay  with  a  solution  of 
table  salt.  Saturated  solution  of  zinc  sulphate  is  placed  therein, 
into  this  an  amalgamated  zinc  wire  dips,  the  other  end  connected 
with  the  galvanometer.  Amalgamated  zinc  in  zinc  sulphate 
does  not  become  polarized,  and  wet  clay  does  not  aft'ect  muscle. 

In  addition  to  these  there  are  various  instrument!-  tor  opening 
the  circuit  called  keys,  as  the  mere/rial,  tyring,  and  fiiotta 
Prftirgcr'3  trip-hammer  and  the  metronome  interrupter,  a  amm 
rkeotrope  or  gyrotrope  for  reversing  direction  of  current  at  pleas- 
ure; a  rkeocord,  for  varying  its  strength  by  increasing  the  re- 
sistance. These  are  some  of  the  apparatus  with  which  the 
electrophysiologist  must  supply  himself  to  conduct  hie  experi- 
ments properly. 

902.  Muscle  Currents  at  Rest. — The  surface  of  the  muscle  is 
called  the  naturalloii<jitudi>wl  section  ;  the  tendon,  the  natural  trans- 
verse section.  Cuts  made  longitudinally  or  transversely  are  arti- 
ficial longitudinal  and  transverse  sections.    The  clay  of  one  clei 

being  placed  on  the  natural  surface  of  a  living  muscle  from  a 
recently  killed  frog,  and  the  other  upon  its  tendon,  the  gal 
meter  will  at  once  show  a  current  passing  from  the  one  to  the 
other,  indicating  that  the  former  is  positive  to  the  latter.     Test- 
ing the  muscle  thus  in  various  positions,  it  is  found  that — 
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1st.  Any  longitudinal  is  positive  to  any  transverse  section. 

2d.  A  point  of  a  given  longitudinal  section  nearer  to  the  cen- 
tre of  the  muscle  is  positive  to  one  further  off. 

3d.  A  point  of  a  given  transverse  section  near  the  periphery 
is  positive  to  one  near  the  centre. 

4th.  The  current  between  two  points  in  any  given  section  is 
weaker  than  that  between  any  two  in  different  sections. 

5th.  Points  in  the  same  section  at  an  equal  distance  from  the 
centre  do  not  give  a  current. 

Gth.  The  smallest  fragment  that  can  be  used  will  give  the 
results. 

7th.  The  strongest  current  is  between  the  centres  of  the 
natural  longitudinal  and  the  artificial  transverse  sections. 

These  facts  are  explained  upon  the  hypothesis  that  each 
muscle  consists  of  regularly  arranged  electromotor  elements,  the 
sides  charged  with  positive,  and  the  ends  with  negative  elec- 
tricity, enveloped  in  a  conducting  medium. 

The  current  is  better  marked  after  the  muscle  has  been  ex- 
posed, but  ceases  entirely  when  it  is  dead.  It  is,  therefore,  a 
phenomenon  of  life. 

903.  The  Frog  Galvanoscope. — A  galvanometer  is  not  required 
for  exhibiting  these  experiments.  They  may  be  shown  by  using 
another  nerve  and  muscle.  For  example,  if  a  living  muscle  be 
detached,  with  as  long  a  portion  of  its  nerve  as  possible  attached 
to  it,  and  the  latter  is  dropped  upon  another  living  muscle 
coming  in  contact  with  a  longitudinal  and  transverse  section, 
the  former  will  instantly  contract,  showing  that  a  current  passes 
between  the  two  sections. 

904.  Active  Muscle  Currents. — If  a  muscle  is  forced  to  contract, 
its  normal  current  at  rest  is  diminished.  The  effect  is  so  instan- 
taneous that  it  requires  a  number  of  rapidly  succeeding  con- 
tractions to  show  it ;  in  other  words,  it  must  be  tetanized.  In 
this  condition  the  galvanometer  needle  moves  to  zero,  and, 
finally,  takes  its  position  between  its  original  position  and  that 
point. 

The  same  result  is  obtained  from  warm-blooded  animals, 
though  not  so  easily,  on  account  of  the  difficulty  in  keeping 
these  organs  alive  after  removal  from  the  body. 

906.  Nerve  Currents. — Similar  effects,  though  on  a  much  smaller 
scale,  may  be  obtained  from  nerves,  showing  that  thev  have  a 
natural  current  which,  like  that  of  muscle,  is  diminished  by 
activity  in  the  organ. 
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CHAPTER   LIT. 

ELECTROTHERAPY.' 

General  effects  of  electricity — Static  electricity — Constant  primary  current- 
Gal  vanocautery —  Electrolysis  —  Galvanopuncture — Nerve  stimulation  by 
constant  current — Intermittent  primary  current — Alternating  secondary  <»r 
Faradaic  current — Faradization  localized — Electrotonus — Application  for  re- 
suscitation— Application  in  diagnosis. 

Electrotherapy  is  the  study  of  the  action  of  different  forms 
of  electricity  upon  the  body,  and  their  application  in  therapeutics. 

906.  General  Effects  of  Electricity. — When  the  electrodes  of  a 
powerful  battery  are  taken  in  the  hands,  a  violent  shock  is  felt, 
which  is  o-reatlv  increased  if  thev  are  moistened.  If  the  batten* 
contains  200  Bunson  cells,  the  shock  is  very  dangerous. 

Protoplasm,  the  basis  of  all  vegetable  and  animal  life,  is  power- 
full  v  affected  bv  action  of  the  electric  current,  and  is  forced 
to  contract.  If  a  current  of  moderate  strength  is  passed 
through  an  amoeba,  it  instantly  withdraws  its  processes  and  con- 
tracts into  an  inactive  ball.  When  this  ceases,  it  resumes  its 
activity  and  ever-changing  form. 

When  a  fresh  fro£  uttisele  is  included  in  a  voltaic  current,  no 
effect  is  apparent  while  the  current  is  passing,  but  every  time 
it  is  opened  or  closed  there  is  contraction. 

By  a  rapidly  interrupted  curreut  a  state  of  tetanus  is  pro- 
duced, the  muscle  not  being  able  to  regain  its  quiescent  state 
before  a  new  contraction  comes  on.  The  amount  of  shortening 
shown  under  these  conditions,  in  a  general  way,  increases  with 
increase  in  the  current. 

The  action  of  the  electric  current  u{>on  a  living  nerve  is  to 
add  to  its  activity,  whatever  its  function  may  be.  If  it  goes 
to  a  muscle,  it  will  be  forced  to  contract.  If  to  the  eye,  the  seu- 
satiou  of  light  is  produced.  If  to  the  tongue,  that  of  taste,  and 
so  on,  the  manifestations  taking  place  when  it  is  closed  or 
opened. 

The  forms  to  be  considered:  1st,  static  elect ricitv:  2d.  the 
continuous  battery  current:  3d,  the  intermittent  primary  or 
battery  current ;  4th,  the  Faradaic  secondary  or  magnetoelectnc 
current. 


•W,   Static  Electricity. — Electricity  first  employed  in  medicine 
^  Mtirely  of  this  form.    The  difficulty  in  the  "way  of  making 
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the  apparatus  work  in  damp  weather,  caused  this  method  to 
yield  place  to  currents  obtained  from  the  magnetoelectric  ma- 
chine. The  recent  introduction  of  the  Holtz  machine  has,  how- 
ever, brought  static  electricity  into  use  again  for  certain  purposes. 

Electricity  from  the  Holtz,  Fig.  338,  is  applied  by  bringing 
the  hand  in  contact  with  one  of  its  poles,  and  then  by  means 
of  an  insulated  conductor  placing  the  other  pole  in  juxtaposition 
with  other  parts  of  the  body.  The  character  of  the  discharge 
varies  according  to  the  manner  of  application. 

1st.  The  aura.  A  single  point  or  a  number  of  points  being 
made  the  movable  terminal,  Figs.  325,  376  F,  when  this  is 
brought  in  the  vicinity  of  the  surface  of  the  skin  it  feels  as 
though  a  gentle  breeze  were  playing  upon  the  part.  Such  a 
discharge  is  very  pleasant,  and  would  doubtless  be  exceedingly 
grateful  in  many  forms  of  superficial  inflammation. 

2d.  Sparks  from  points.  Bringing  the  point,  Fig.  375  C,  in 
closer  proximity  to  the  surface  until  visible  sparks  pass,  these 
possess  a  pungent  irritating  character,  which  after  a  time  be- 
comes intolerable,  and,  if  continued,  cause  local  inflammations. 

3d.  Sparks  from  knobs,  Figs.  323,  376  D  E.  These  are  an  inch 
or  more  in  length;  they  produce  spasmodic  contraction  in  the 
parts  upon  which  they  are  delivered. 

4th.  Let/den  vial  sparks,  Fig.  334,  have  in  a  general  way  the 
same  action  as  the  preceding,  though  exaggerated.  From  a 
battery  of  sufficient  size  they  can  be  made  sufficiently  effective 
to  prostrate  the  person  receiving  them. 

908.  Constant  Primary  Current. — This  is  a  continuous  current 
from  any  form  of  voltaic  battery.  It  should  consist  either  of 
two  cells  of  large  size  employed  for  cauterizing,  or  of  twenty  or 
thirty  for  electrolysis.  The  large  cells  can  be  stowed  away  in 
smaller  space  by  subdividing  the  zincs,  and  its  action  made 
more  constant  by  agitating  the  elements  in  the  electropoion. 
A  current  of  dynamic  electricity  may  be  used,  1st,  for  cautery ; 
2d,  for  electrolysis;  3d,  as  a  nerve  stimulant;  4th,  as  an  inter- 
mittent current.  The  electrodes  are  commonly  known  as  rheo- 
phores,  the  term  being  applied  to  the  terminations  of  the  wires 
for  conveying  the  current. 

909.  Galvanocautery. — The  apparatus  consists  of  a  platinum 
wire  about  one  millimetre  thick,  bent  into  a  close  loop,  and 
flattened  to  form  a  knife  edge  L,  Fig.  36").  The  current  from 
two  large  cells  sent  through  this  readily  raises  it  to  a  red  heat. 
It  is  useful  for  drawing  lines  along  the  skin,  to  destroy  granu- 
lations, to  open  abscesses  and  fistulas,  to  cauterize  prolapsus 
recti.  The  current  is  turned  on  and  off  the  wire  by  pressure  of 
the  thumb  upon  a  button,  K. 
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The  pain  during  the  application  is  severe,  especially  if  the  in- 
strument ia  moved  slowly.  After  the  operation  it  is  slight, 
secondary  hemorrhage  never  occurs  if  it  is  proper!* 
Fig.  3S5.       performed.     Cicatrization  is  rapid. 

Adjust  the  current  to  make  the  wire  white-hot  in 
air.  stop  the  current,  apply  it  cold,  and  then  increase 
it  a  little  beyond  the  tirst  adjustment,  to  make  up 
lor  loss  of  heat  by  action  of  the  tissues.  The  heat 
must  not  exceed  a  bright  white,  or  the  wire  becomes 
enveloped  in  hydrogen,  its  styptic  action  on  the 
blood  is  lost,  and  secondary  hemorrhage  is  apt  to 
follow,  this  also  happens  if  the  galvanoeautery  is 
moved  too  fast  over  the  surface. 

Figs.  366  to  370.  inclusive,  represent  different 
forms  of  platinum  wires  Battened  and  bent,  which 
can  he  attached  to  the  staff.  Fig.  365. 

The  galvauomoxa  is  a  very  thin  porcelain  capsule, 
around  which  a  thin  platinum  wire  is  wound  spirally; 
or  a  spiral  of  flattened  platinum  wire.  Fig.  371. 

The  galvanocaustic  loop  for  removal  of  polypoid 
growths  is  a  thin  platinum  loop.  Fig.  372,  the  ends 
passing  through  an  insulating  handle.  Its  size  can  be 
increased  or  diminished.  It  is  admirably  adapted  for 
removing  pedunculated  tumors  from  the  rectum  or 
vagina.  The  current  is  adjusted  by  operating  upon 
a  piece  of  raw  meat,  of  equal  size  of  that  operated 
upon.  It  ean  be  introduced  cold,  and  when  all  ad- 
justments are  mado  the  current  is  turned  on. 

Fio.  S-S7.     Fig  3**.      Fid.  3-J9.         Fig.  370.  Fig.  371 
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Dr.  Harrison  Allen1  gives  the  following  description  of  his 
improved  galvanocautery  and  wire  snare  for  removing  polypoid 
growths  from  the  nasal  cavity  and  larynx. 

Fig.  373. 


I 

The  galvanocautery  xnure  desert  lied  fn  the  text : 
1.  The  cable  of  the  battery. 

•J.  The  canula  (which  is  not  shown  in  full  length). 
:\.  The  platinum  wire. 

4.  The  vulcanite  carriage,  with  arrow*  holding  the  end*  of  the  platinum  wire  in  metallic  contact  with 
tht*  hinge-connections,  by  which  the  current  is  transmitted  from  the  battery. 

5.  A  slotted  hurrel  of  aluminium. 
♦1.  A  movable  nut  on  the  screw. 

7.  A  Kmall  (>ortioii  of  the  screw  disengaged  from  the  slotted  liarrel. 
H.  Milled  tttationary  scn>w-head. 

It  is  well  known  that  a  loop  of  wire  steadily  narrowTed  has 
great  power  in  severing  the  attachment  of  tumors  and  other 
growths.  When  of  a  large  size,  it  is  sufficiently  powerful  to 
pass  through  bony  structures,  as  well  as  softer  parts  of  the  body. 
The  principle  of  the  snare  has  been  employed  in  the  throat,  ear, 
and  nose;  but  when  attention  was  first  directed  to  this  subject 
the  forms  available  were  too  large  and  heavy  for  the  delicacy  of 
manipulation  demanded  in  removing  small  tumors  lodged  in  the 
narrower  recesses  of  the  nose.  Moreover,  no  snare  constructed 
at  that  time  would  permit  a  galvanic  current  to  pass  through 
the  loop  while  it  was  being  narrowed.  It  became  necessary  to 
devise  an  instrument  which  would  be  light,  of  small  size,  and 
yet  sufficiently  powerful  to  remove  that  class  of  hypertrophied 
tissues  and  polypoid  growths  that  are  of  frequent  occurrence  in 
the  nasal  chambers.  The  instrument  Fig.  373  combines  these 
qualifications,  and  satisfactorily  performs  this  service.  The  only 
feature  of  an  essential  character  which  mav  be  said  to  be  novel 
is  that  the  platinum  wire  forming  the  snare  is  covered  with  a 
copper  coat,  excepting  that  portion  forming  the  loop,  which  is 
bare.  The  current  from  the  battery  is  conducted  through  a 
double  canula  by  means  of  the  copper.  The  length  of  the  in- 
strument is  about  nine  and  a  half  inches,  and  its  weight  less 
than  half  an  ounce.  It  lias  the  advantage  of  securing  a  rapid 
and  painless  operation,  without  hemorrhage.  Sessile  (pyramidal) 
or  resilient   growths  are   removed   by  first   burning  a  groove 

1  A  System  of  Practical  Medicine,  by  American  authors,  vol.  iii.  pp.  66,  67. 
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of  any  depth  into  them,  after  which  the  loop  is  drawn  while  the 
current  is  passing.  It  is  evident  that  failure  to  remove  at  least 
a  portion  of  the  growth  attacked  is  an  event  exceedingly  unlikely 
to  occur.  Hypertrophies  of  the  inferior  turbinated  bone  can  in 
this  way  be  treated;  and  if  cocaine  is  freely  applied  before  the 
operation,  it  constitutes  the  most  speedy  and  least  painful  of  any 


means  by  which  such  conditions  can  be  reduced.  By  using  a 
canula  with  curved  end  it  is  easy  to  snare  growths  situated  on 
the  posterior  portion  of  the  inferior  turbinated  bone.  The  cur- 
rent passing  through  the  battery,  Fig.  374,  to  the  instrument 
can  be  interrupted  by  any  of  the  numerous  devices  with  which 
the  practical  electrician  is  familiar:  or  the  treadle  can  be  de- 
pressed and  locked  by  the  lever-catch,  and  interruption  of  the 
current  determined  by  pressure  of  the  finger  on  the  knob  of  the 
handle.  This  is  under  id]  circumstances  desirable,  as  the  weight 
of  the  cells  is  sufficient  to  demand  considerable  force  to  be 
exerted  by  the  foot — always  enough  to  destroy  delicacy  of 
manipulation. 

910.  Electrolysis  is  applied  for  disintegrating  urinary  calculi 
in  the  bladder.  The  latter  is  first  tilled  with  a  solution  of  nitrate 
of  potash.  An  instrument  resembling  a  lithotrite,  the  jaws  of 
whk-li  can  be  separated  to  grasp  the  calculus,  is  then  introduced. 
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The  two  parts  of  this  apparatus  contain  an  insulated  platinum 
wire,  its  extremities  only  bare.  Between  these  the  calculus  is 
gripped,  and  the  current  from  a  strong  battery  sent  through 
the  wire.  The  nitrate  of  potash  is  decomposed,  nitric  acid 
liberated  at  one  pole  attacks  the  calculus,  and  disintegrates  it. 
Having  done  its  work,  it  is  neutralized  by  the  potash  set  free  at 
the  other.  The  bladder  should  be  moderately  full  of  fluid,  and 
the  calculus  kept  during  the  operation  as  near  its  centre  as 
possible. 

After  a  perforation  has  been  secured  by  the  acid  in  one  place, 
the  calculus  should  be  gripped  by  a  fresh  diameter,  and  another 
made.  According  to  condition  of  the  patient,  the  operation  must 
be  repeated  from  time  to  time,  until  it  is  completely  honey- 
combed, it  can  then  be  readily  crushed  by  a  lithotrite,  and 
removed. 

911.  Galvanopuncture  is  the  application  of  electrolysis  to  treat- 
ment of  aneurisms.  It  consists  in  decomposing  the  blood  by 
a  constant  current,  coagulating  the  albumen,  and  furnishing 
a  nucleus  upon  which  fibrin  may  be  deposited.  The  battery 
required  is  twenty  to  thirty  cells  of  Daniell,  or  fifteen  Grove. 
The  anode  consists  of  a  fine  platinum  needle  insulated  nearly  to 
its  point  with  a  uniform  covering  of  ebonite.  With  this  the 
tumor  is  pierced.  The  cathode  is  a  large  metallic  plate  covered 
with  wet  sponge.  This  is  placed  on  the  thoroughly  moistened 
skin,  as  near  as  possible  to  the  aneurism.  The  artery  must  be 
compressed  below  the  tumor,  so  the  clot  is  not  carried  off,  and 
the  current  opened  and  closed  gradually.  If  it  is  too  strong, 
bubbles  of  gas  are  set  free,  and  the  clot  is  loose  and  lacks  neces- 
sary consistency.  The  operation  is  continued  until  pulsation 
ceases,  or  gas  is  detected.  The  cure  is  generally  effected  by 
inflammation,  which  sets  in  immediately  or  after  a  day  or  two. 

912.  Nerve  Stimulation  by  Constant  Current. — The  muscles  and 
motor  nerves  are  not  affected  unless  the  current  is  very  strong, 
or  its  density  varies.  The  sensitive  nerves,  on  the  contrary, 
are  strongly  acted  upon,  particularly  at  the  cathode,  causing 
cutiH  anscrina,  attended  by  a  burning  or  prickling.  It  produces, 
first,  anaemia,  then  hypenvwia.  In  diseased  conditions  there  is  a 
difference  between  the  action  of  the  continuous  and  Furadaic 
currents. 

Kemak  asserts  that  the  constant  current  exerts  an  antiphlogistic 
action,  paralyzing  the  walU  of  the  capillaries  of  the  inflamed  /Mirt,  and 
so  facilitating  circulation  and  resorption.  He  recommends  its  use 
in  acute,  chronic,  traumatic,  or  rheumatic  inflammations  of 
joints;  chronic  rheumatism  of  joints,  muscles,  tendons,  perios- 
teum, and  nerves;  cramps;  inflammation  of  spinal  cord,  attended 
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by  hemiplegia:  inflammation  of  cerebrum  attended  by  tremors 
and  convulsions;  and  for  painful  and  inflamed  tumors.  The 
cathode  is  placed  on  the  inflamed  part,  and  the  anode  near  by. 
If  there  is  water  exudation,  the  application  is  reversed.  Other 
authors  deny  that  the  constant  current  is  superior  to  the  induced 
in  these  cases. 

913.  Intermittent  Primary  Current. — We  have  the  following 
forms  of  paralysis  to  be  subjected  to  treatment: 

1st.  That  in  which  neither  the  will  nor  either  form  of  electric 
current  can  act  on  the  irritability  of  muscle  or  nerve. 

2d.  When  the  action  of  the  will  is  preserved  in  part,  and  yet 
neither  current  can  affect  either  muscle  or  motor  nerve. 

3d.  Where  the  will  has  lost  all  power,  yet  both  forms  of  elec- 
tric current  act,  though  with  diminished  force. 

4th.  Where  both  the  will  and  the  induction  current  are  power- 
less, while  the  intermittent  constant  current  acts. 

In  the  last  condition  we  find : 

A.  During  absence  of  motility. 

1st.  The  constant  currents  are  so  effective,  that  those  too  feeble 
to  have  any  action  on  normal  muscles  give  strong  contraction. 

2d.  During  treatment  this  power  rapidly  reaches  a  maximum, 
then  diminishes. 

3d.  In  many  cases  contraction  is  obtained  not  by  stimulating 
the  motor  nerve,  but  the  muscle  itself. 

B.  Motility  returning. 

Irritability  for  constant  currents  diminishes,  as  that  for  the 
will,  and  induced  currents  rises. 

The  intermittent  primarv  current  is  of  especial  use  in  modify- 
ing the  irritability  of  muscles  and  nerves.  The  simplest  rule  to 
follow  in  the  use  of  this  and  other  currents  is,  employ  that  hav- 
ing the  best  effect. 

914  Alternating  Secondary  or  Faradaic  Current. — The  parts  be- 
tween the  poles  are  all  traversed  by  currents  which  converge  to 
the  point  of  application  of  the  poles. 

The  quantity  of  electricity  at  all  cross-sections  of  the  part 
traversed  is  the  same.  Convergence  at  the  points  of  application 
causes  greater  intensity  of  action  and  sensation,  owinjr  to  the 
termination  of  the  nerves  of  sensation  in  the  skin.  To  avoid 
undue  stimulation  of  the  latter,  we  must  enlarge  the  size  of  the 
electrode. 

When  the  skin  is  dry,  the  current  passes  almost  entirely 
through  sweat  sriamls. 

According  as  a  larger  or  smaller  extent  of  surface  is  included 
in  the  electric  current,  the  electrodes  represented  Fig.  375  are 
employed:  A  large  sponge,  B  small  sponge,  C  pointed  and 
gilded. 
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Other  forme,  Fig.  876,  are  also  employed ;  they  are,  I>  small 
knob  gilded,  E  large  knob  gilded,  F  wire  brush. 

To  fxcite  cutaneous  nerves  alone,  the  large  electrode  of  wet  sponge 
must  be  applied  to  the  moist  skin,  and  the  wire  brush  drawn 
gently  over  the  dry  skin  of  the  part  treated. 


D        e         r 


To  excite  a  muscle  alone,  place  the  large  sponge  over  the  belly 
of  the  organ,  then  press  the  small  point  firmly  over  the  entrance 
of  the  motor  nerve  into  the  muscle.  The  patient  should  be 
recumbent. 

915.  Faradization  Localized. — The  following  detailed  directions 
arc  from  Morgan's  work: 

Head.  The  trunk  of  the  facial  nerve  is  stimulated  by  placing 
the  anode  on  the  point  seen  inside  the  car-shell,  or  concha,  and 
the  result  is  the  entire  face;  half  is  drawn  toward  that  side,  the 
skin  thrown  into  countless  wrinkles,  the  eye  shut,  and  the  nose 
and  mouth  drawn  obliquely  downwards.  The  stimulation  of 
the  aurirulo-postcrior  branch  of  the  facial  nerve,  at  a  point  in  front 
of  the  mastoid  process  of  the  temple  hone,  is  very  painful, 
and  causes  contraction  of  the  retrahens  and  attollens  auricula, 
drawing  the  scalp  downwards,  and  niisiug  the  concha  back- 
wards and  upwards.  The  muscles  of  the  ear  are  too  unim- 
Siortant  in  man  to  detain  utt  any  further.  The  branch  of  the 
acial  going  to  the  aiylo-hyokt  and  digastric  in.  is  rarely  reach- 
able, save  in  very  emaciated  persons;  and,  if  reached,  the  result 
is  the  movement  of  the  os  hyoides  outwards,  backwards,  and 
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upwards.  The  frontalis  m.  can  be  stimulated  by  itself  extra- 
tmuadarty,  the  branch  it  gets  from  the  facial  nerve  being  very 
superficial,  and,  in  contracting,  it  throws  the  brow  into  hori- 
zontal wrinkles,  curved  somewhat  downwards  in  the  median 
line.  The  corrugator  supercilii  m.  is  also  stimulated  extramu*- 
cularly,  and  flattens  and  depresses  the  eyebrow,  and  draws 
its  baBe  inwards  and  downwards.  The  orbicularis  palpebrarum 
m.,  stimulated  extramuscularly,  shows  the  eye  and  wrinkles 
up  the  eyelidB.  The  zygomatic  major  in.,  stimulated  extranms- 
cularly,  draws  the  angle  of  the  mouth  outwards  and  upwards, 
and  produces  on  the  eheek  deep  wrinkles,  radiating  outwards, 
from  this  angle.  The  2i/</o/-i<ttirns  motor  m.  requires  intramus- 
cular stimulation :  \h  painful,  and  marked  by  the  drawing  of 
the  upper  lip  upwards  and  somewhat  outwards.  The  levator 
lubl,  auperfms  proprius  is  difficult  to  reach,  eveu  intramus- 
cularly; the  upper  lip  rises  almost  vertically,  uncovering  tin.- 
teeth.  The  levator  labii  superioris  alan/uc  nasi  is  easily  reached, 
but  with  pain,  and  lifts  the  upper  lip  and  the  wing  of  the  nose. 
The  ro, "pressor  wist  and  pyramidalis  nasi  must  he  stimulated 
together,  giving  on  the  nose  wrinkles  parallel  with  the  back  of 
the  latter,  and  at  the  root  short,  thick,  horizontal,  or  slightly 
oblique  wrinkles,  while  the  eyebrow  is  drawn  downwards  anil 
inwards.  The  dilator  mrium  anterior  and  posterior  are  very 
rarely  of  any  significance.  The  orbicularis  oris  m.  has  four 
motorpoints;  and,  hence,  to  he  thoroughly  stimulated,  would 
need  four  electrodes;  its  mode  of  action  is  self-evident.  The 
buccinator  m.,  when  it  contracts,  draws  the  cheek  against  the 
teeth,  and  shortens  the  upper  and  lower  lip  half.  The  irvauth 
tons  menti  in.,  when  it  contracts,  draws  the  angle  of  the  mouth 
downwards  and  strongly  outwards,  lengthening  the  opening 
between  the  Hps,  hut  not  causing  them  to  separate  from  one 
another.  The  quadratus  menti  m.  draws  the  corresponding  lip 
half  downwards,  and  Bomewbat  outwards,  and  presses  it  firmly 
against  the  teeth.  The  levator  menti  m.,  stimulated  extrann 
eularly,  pushes  the  lower  lip  forwards.  The  masseter  m. 
stimulated  by  placing  the  electrode  in  the  tncisura 
between  the  coronoid  and  condyloid  processes  of  the  lowei 
jaw;  and  the  temporal  m.,  by  placing  one  electrode  on  the  pos- 
terior and  the  other  on  the  anterior  segment  of  the  muscle,  aud 
the  result  is,  the  lower  jaw  presses  up  against  the  upper  om 
with  great  force.  The  tongue  stimulated  on  one  side,  short 
aud  curves  towards  it,  and,  if  stimulated  on  its  under  sui " 
is  drawn  quickly  into  the  mouth  again.  Using  two  electrodt 
the  velum  palati  is  drawn  backwards  and  upwards.  The  azygos 
xtvulce  m.  is  stimulated  by  placing  the  fiue-pointed  electrode 
gently  at  the  root  of  the  uvula,  and  the  latter  disappears  almost 
trom  sight.  The  superior,  middle,  and  inferior  constrictor  of  **■  ■ 
pharynx  are  also  within  reach. 
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Neck.  In  examining  this  region,  the  patient's  face  must  be 
made  to  look  towards  one  shoulder,  and  its  position  should  be 
the  same  at  every  sitting. 

The  subcutaneous  coUi  m.,  or  platysma  myoides,  requires  the 
anode  to  be  set  near  the  middle  of  the  inner  margin  of  the  sterno- 
cleido-mastoid  muscle  and  the  cathode  on  the  subcutaneous  colli 
branch  of  the  facial  nerve,  and,  drawing  on  the  lower  lip  and 
jaw,  it  may  uncover  the  teeth,  etc.  The  nervus  accessorius  Willisii 
is  easily  reached,  since,  on  emerging  posteriorly  from  thesterno- 
cleido-ma8toid  (to  which  it  here  gives  off  a  branch),  it  is,  until  it 
enters  the  trapezius  m.,  very  superficially  situated;  and,  both 
these  contracting  simultaneously,  the  neck  is  bent,  the  lower 
jaw,  protruded,  the  head  twisted  toward  the  shoulder,  which 
is  strongly  raised  and  drawn  backwards  and  inwards.  The 
sterno-cleido-mastoid  m.,  on  being  stimulated  by  itself  by  placing 
the  electrode  somewhat  lower  down,  draws  the  head  down  so 
that  the  ear  faces  the  shoulder,  whilst  the  face  looks  somewhat 
upwards,  backwards,  and  to  the  opposite  side.  The  trapezius 
in.  is  best  acted  oil  by  placing  the  anode  on  the  nerve,  en- 
tering the  muscle  about  a  half  inch  below  the  accessorius 
Willisii  nerve,  and  we  get  either  a  raising  of  the  shoulder  back- 
wards, with  drawing  of  the  scapula  towards  the  spine,  or  a 
pulling  of  the  head  backwards  and  outwards,  or  both  motions, 
according  to  the  action  of  the  antagonists  of  the  trapezius  muscle 
on  the  head  or  shoulder.  The  isolated  stimulation  of  the  levator 
anguli  scapula  \s  followed  by  the  drawing  of  the  internal  angle  of 
the  scapula  upwards,  inwards,  and  forwards,  whilst  the  acromion, 
fixed  by  the  weight  of  the  arm  and  the  action  of  the  antagonists, 
does  not  move  to  any  special  extent.  The  hypoglossal  nerve  may 
be  reached  just  above  the  cornu  major  of  the  os  hyoides,  just 
in  front  of  the  hyo~glossns  m.,  but  its  effect  is  uncertain.  The 
omo-hyoid  m.,  when  it  contracts,  draws  the  os  hyoides  downwards 
and  outwards.  The  actions  of  the  sterno-thyroid  and  hyo-thyroid 
are  too  evident  to  need  description.  The  stimulation  of  the 
phrenic  nerve  (there  is  no  danger  in  the  simultaneous  stimulation 
of  both,  nor  is  it  painful)  for  the  production  of  artificial  respira- 
tion requires  quite  strong  currents  and  large  electrodes,  and  the 
anode  must  be  pressed  gently,  but  fixedly,  against  the  outer 
margin  of  the  stiTno-cleido-mastoid,  near  the  omo-hyoid.  The 
result  is  rapid  contraction  of  the  diaphragm,  bulging  out  of  the 
abdomen,  and  forcible  entry  of  air  into  the  trachea,  giving  rise 
to  a  sobbing  sound. 

The  isolated  stimulation  of  the  separate  muscles  of  the  larynx 
is  very  difficult,  and  those  interested  in  this  subject  will  do 
well  to  consult  the  works  of  Voltolini,  Mackenzie,  and  other 
specialists. 

The  motor  nerves  of  the  shoulder  and  thorax,  arising  from 
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the  supraclavicular  portion  of  the  brachial  plexus,  are  sometimes, 
but  rarely,  reachable  for  the  purposes  of  isolated  stimulation. 

The  posterior  thoracic  or  dorsalis  scapula  nerve,  when  stimu- 
lated, causes  the  rhomboid  m.  and  the  serratus  posticus  superior  m. 
to  contract  and  draw  the  scapula  upwards  toward  the  spinal 
column  and  feebly  to  lift  the  upper  ribs.  The  isolated  stimula- 
tion of  the  lateral  thoracic,  or  extenial  respiratory  nerve,  causes 
the  serratus  anticus  major  m.  to  contract  vigorously,  thereby 
raising  the  acromial  angle  of  the  scapula,  and  pushing  this  bone 
very  tar  outwards  and  forwards,  and  lifting  the  clavicle  some 
distance  out  from  the  thorax.  The  subscapular  m.  is  most  easily 
stimulated,  directly,  or  else  by  acting  on  the  subclavian  nerves 
in  the  posterior  part  of  the  axilla.  The  stimulation  of  the 
anterior  thoracic  nerve  causes  the  pectoralis  major  m.  to  draw  the 
arm  far  towards  the  median  line. 

Upper  Extremity.  On  placing  the  electrode  just  above  the 
clavicle  towards  its  outer  extremity,  the  deltoid  m.  is  caused  to 
contract.  The  stimulation  of  the  Museulo-*utaneous  nerve  at  its 
emergence  from  the  coracobrachial  m..  in  the  groove  between 
the  latter  and  the  biceps  muscle,  or  at  the  point  between  the 
two  heads  of  the  latter,  is  painful,  though  it  causes  the  simul- 
taneous contraction  of  the  boxps  m.,  and  the  brachial**  internum 
m.  The  isolated  contraction  of  the  bittps  m.  is  effected  by  the 
use  of  the  motorpoint  between  its  two  heads.  The  stimulation 
of  the  brachialis  interims  requires  the  anode  to  be  placed  at  the 
point  where  the  lower  half  or  third  of  the  biceps  muscle  begin* 
(pushing  with  the  fingers  the  median  nerve  aside  to  save  it), 
whilst  the  cathode  rests  on  the  outer  edge  of  the  other  muscle. 
The  median  nerve,  though  easily  reached  at  any  point  along  the 
sulcus  bieipitalis*  is  best  stimulated  at  the  lower  third  of  the 
humerus,  where  it  can  be  fixed  against  the  bone.  The  stimula- 
tion of  this  nerve  excites  peculiar  pain  in  its  sensitive  cutaneous 
branches  on  the  hand  and  fingers,  and  causes  contraction  of 
the  pronator  teres  and  quadrat  us.  radiali*  intern  us,  palmaris  longus* 
flexor  digit  or  sublimes  and  pr*jf*o\d>i*m  etc..  producing  strong  prona- 
tion of  the  forearm,  flexion  of  the  hand  towards  the  radial  side, 
flexion  of  the  fingers  with  opposition  of  the  thumb.  The  stimu- 
lation of  the  p*-on  i!>:>r  teres,  by  either  of  its  two  motorpoints,  is 
quite  painful,  in  consequence  of  the  great  number  of  sensitive 
nerves  on  the  flexion  side  of  the  arm.  though  the  resulting  con- 
traction is  exceedingly  rapid  and  strong.  The  flexor  digitor  *ub- 
ftm'tf.as  well  as  the  pr;*fu*idu*+  is  only  accessible  to  intramuscular 
stimulation.  The  branches  of  the  median  nerve  going  to  the 
radialis  internum  and  pxl/aari*  m..  which  come  off  at  about  the 
same  point  from  the  nerve  trunk,  also  enter  their  respective 
muscles  at  about  the  same  distance  from  the  elbow  on  their  ulnar 
margins.     The  pronator  poidratus*  and  flex»yr  ptflvi*  longns.  need 
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intramuscular  stimulation.  The  motorpoints  of  the  abductor 
pollicis  brevis,  opponens  pollicis,  and  flexor  pollicis  brevis,  are  super- 
ficial and  easy  to  find;  this  is  true  in  general  of  the  other 
muscles  of  the  hand  and  fingers.  Though  the  ulnar  nerve 
may  be  reached  at  any  point  from  the  axilla  to  the  elbow,  still 
the  best  place  to  stimulate  it  is  at  the  groove,  between  the 
olecranon  and  the  internal  condyle  of  the  humerus,  and  the 
result  is  pain  aloug  the  course  of  its  palmaris  longus  and  digital 
branches  on  the  dorsal  side  of  the  hand,  and  contraction  of  the 
ulnaris  internus,  flexor  digitor  profundus,  palmaris  brevis,  interossei, 
lumbricoides  quartus,  and  adductor  pollicis.  The  ulnaris  internus  m., 
when  stimulated  isolatedly,  directly  or  indirectly,  flexes  the  band 
towards  the  ulnar  side  of  the  arm.  The  ulnar,  like  the  median 
nerve-branch,  going  to  the  flexor  digitor  profundus  m.,  is  not 
susceptible  of  isolation. 

The  radial  nerve  is  best  reached  at  the  point  between  the 
insertion  of  the  deltoid  muscle  and  the  external  condyle  of  the 
humerus,  somewhat  to  the  outside  of  the  latter.  The  branches 
it  gives  to  the  triceps,  brachialis  internus,  and  supinator  longus 
arc  not  within  reach,  so  that  these  muscles  must  be  stimulated 
directly — i.  e.,  intramuscularly.  When  the  supinator  longus  m.  con- 
tracts, it  flexes  the  forearm  on  the  arm  in  a  position  between 
pronation  and  supination,  and  only  really  supinates  when  the 
forearm  is  strongly  pronated;  thus  it  is  in  truth  a  flexor  muscle. 

The  radiaUs  externus  bmgus  m.  only  reacts  when  stimulated 
intramuscularly ;  as  is  also  the  case  with  the  supinator  brevis  and 
radialis  externus  brevis.  Both  the  branches  the  extensor  communis 
digitorum  receives  from  the  radial  nerve  should  be  stimulated 
simultaneously,  to  give  rise  to  a  complete  contraction  of  this 
muscle;  or,  as  the  skin  is  not  very  sensitive  here,  the  com- 
ponent bundles  may  be  acted  upon  separately,  placing,  of  course, 
the  two  electrodes  upon  the  muscle  itself.  Direct  stimulation  is 
also  necessary  for  the  ulnaris  externus  m.,  and  the  result  is,  ex- 
tension of  the  hand  towards  the  ulnar  side  of  the  arm.  The 
motorpoints  of  the  abdwtor  pollicis,  extensor  digiti  minim,  propr., 
extensor  indicts  propr.,  extensor  pollicis  longus  and  brevis  m.,  are  easily 
found  by  reference  to  any  anatomy. 

Trunk.  The  muscles  of  the  trunk  receive  each  several  nerves, 
and,  hence,  cannot  be  caused  to  contract  generally,  nor  is  it 
necessary  that  they  should  do  so. 

Of  the  muscles  of  the  back,  some  have  been  mentioned  in 
treating  of  the  neck;  of  the  others,  the  only  ones  that  can  be 
reached  are :  the  splenitis  capitis,  the  latissimus  dorsi,  the  teres  major 
and  minor%  and  the  serratus  posticus  inferior. 

Ijower  Extremity.  The  stimulation  of  the  crural  nerve  causes 
much  pain  along  the  track  of  the  saphetius  major,  minor,  and  cuta- 
neous femoris,  anterior  and  median,  and  on  the  front  and  inner  side 
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of  the  thigh,  the  knee,  and  the  leg  down  to  the  big  toe,  along 
with  powerful  contraction  of  the  muscles  of  the  leg.  In  ema- 
ciated persons,  it  is  often  possible  to  stimulate  the  chief  branch 
of  the  crural  nerve,  which  goes  to  the  quadriceps  extensor  cruris,  and 
this  excites  not  only  that  muscle,  but  also  the  extensors  on  the 
front  of  the  thigh.  The  rectus  femoris  m.  has  a  motorpoint  four 
to  five  inches  from  the  anterior  superior  spinous  process  of  the 
ilium. 

The  vastus  externus  m.  has  two  motorpoints  two  to  three 
inches  apart;  and  it  is  best  to  act  simultaneously  on  both  with 
the  two  electrodes.  The  stimulation  of  this  muscle  is  easily 
effected;  but  to  lessen  the  pain,  it  is  necessary  to  push  the 
handle  of  the  electrode  towards  the  other  thigh,  pressing  the 
nerve  of  this  muscle  outwards.  The  sartorius  muscle  receive? 
several  nerves,  but  it  is  most  advantageous  to  place  the  cathode 
on  the  upper  motorpoint,  and  the  anode  on  the  lower,  or  on 
the  lower  half  of  the  muscle.  The  tensor  fascice  latce  m.  receives 
a  branch  from  the  glutceus  superior,  and  another  from  the  rrurul 
nerve,  both  within  easy  reach.  The  stimulation  of  the  Murator 
nerve  requires  the  electrode  to  be  firmly  pressed  on  the  part, 
and  is  very  painful,  although  it  gives  rise  to  an  exceedingly 
energetic  adduction  of  the  thigh.  The  pectineus  and  the  adductor 
brevis  are  best  stimulated  intramuscularly.  The  adductor  long*t< 
and  the  gracilis  are  readily  reached  extramuscularly,  and  the 
adductor  magnus  has  a  very  available  motorpoint  at  the  inner 
and  posterior  part  of  the  thigh.  The  glutceus  superior  and  inferior. 
and  the  sciatic  nerves,  are  rarely  within  reach,  and  always  need 
strong  currents  and  pressure.  Each  head  of  the  bkq>s  femoris  m. 
has  a  motorpoint. 

The  motorpoints  of  the  remaining  muscles  may  be  easily 
found  by  reference  to  any  anatomy. 

Many  of  the  more  important  points  for  application  of  elec- 
trodes are  given  in  Fig.  377,  in  which  the  left  side  presents  a 
face  view  of  the  body,  and  the  right  a  back  view.  From  Bar- 
tholow's  "Electrotherapeutics."  The  stimulation  of  the  bladder 
or  uterus  is  readilv  effected  bv  introducing  in  the  one  case  an 
electrode  into  the  viscus,  and  in  the  other  applying  it  to  the  en- 
trance, and  holding  a  large  sponge-electrode  against  the  abdomi- 
nal wall,  or  passed  up  the  rectum,  or  resting  against  the  sacrum. 

916.  Electrotonus. — In  a  living  nerve,  certain  parts  on  the  sur- 
face are  positive  to  other  parts,  and  will  give  a  current  through 
the  galvanometer  when  intervened  in  the  course  of  a  wire  con- 
necting them.  Suppose  this  connection  made,  then  let  another 
portion  of  the  same  nerve  be  included  in  a  voltaic  circuit,  and 
let  the  current  pass  in  the  same  direction  as  the  proper  nerve 
current.     The  latter  is  at  once  increased  though  none  of  that 
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1.  Seventh  or  facial  noire  filament  supplying  the  frontal  muscle. 

2.  Seventh  or  facial  nerve  filament  supplying  the  levator  labii  superioris  alasque  nimi 

3.  Seventh  or  facial  nerve  filament  supplying  tho  zygomatics  minor. 

4.  Seventh  or  facial  nerve  filament  supplying  tho  orbicularis  oris  and  quadratus  mentl. 
5  Phrenic  nerve  supplying  the  diaphragm. 


6.  Musculo-cutaneous 

7.  Musculocutaneous 

nervo 
nervo 

<< 

biceps,  brarliialis,  etc. 
brachialis  internum. 

8    Ulnar  nerve 

i< 

muscles  of  forearm  and  hand. 

9.  Badial  nervo 
10.  Ulnar  nervo 

<< 

flexors  of  thumb  and  fingers. 

palmaris  brevis,  abductor  digitor.  min., 
min.,  etc. 

opponent 

digit  *r. 

11.  Obturator  nerve 

12.  Crural  nerve 

it 

sartorius,  adductor  longus,  etc. 
adductor  longua,  vastus  internum,  etc. 

13.  Crural  nervo 

« . 

vastus  externum. 

14.  Musculo-cutaneourt  nervo 

15.  Occipital  nerve 

16.  Circumflex  nerve 

17.  Intercostales  nerve 

flexor  digitorum  com.  long, 
posterior  neck  niUHclc*. 
triceps,  etc. 
lumbar  muscles. 

18.  Gluteus  nerve 

4  • 

adductor  magnus,  etc. 

19.  Popliteal  nervo 

20.  Popliteal  nerve 

(t 

gacit  roc  uem  ius  ex  tern  us. 
aoleus. 

from  the  battery  passes  into  it.  This  change  in  the  normal 
electromotive  state  of  the  whole  nerve  by  the  passage  of  a 
constant  current  through  a  portion,  is  called  the  eleetrotonic  state, 
and  is  most  intense  near  the  exciting  current.  It  lasts  while 
this  is  passing.  The  excitability  of  the  nerve  is  increased. 
The  part  through  which  it  is  passing  is  called  the  mtrapdar 
region.  The  condition  near  the  positive  pole  is  called  anelec- 
trotonus;  that  near  the  negative  pole  kathelectrotonus. 

The  excitability  of  the  nerve,  is  diminished  in  the  anelectro- 
tonic  region,  in  the  kathelectrotonic  region  it  is  increased.  Its 
power  to  convey  a  stimulus  is  also  lessened  in  the  first  and 
increased  in  the  second.  If,  therefore,  it  is  required  to  diminish 
the  excitabilitj\of  the  sensory  nerves  in  any  part,  the  current 
should  be  so  passed  as  to  throw  them  into  the  anelectrotonic 
state,  and  vice  versd. 

917.  Application  for  Resuscitation. — A  powerful  electric  current 
passed  through  the  body  of  a  killed  animal  produces  strong  con- 
tractions of  the  muscles.  In  like  manner,  a  Faradaic  current  will 
often  restore  functions  impeded  in  aphonia  and  asthma.  Even 
tho  respiratory  function  may  be  restored  in  asnhyxia  from 
chloroform,  or  opium  poisoning,  by  faradization  ot  the  phrenic 
nerves.  This  is  accomplished  by  placing  one  electrode  over  the 
scalenus  anticus  muscle,  behind  tne  sterno-mastoid  at  the  root 
of  the  neck,  while  the  other  is  brought  in  contact  with  the  sixth 
or  seventh  intercostal  space. 

918.  Application  in  Diagnosis  is  admirably  summed  up  as  fol- 
lows, by  J.  McGregor  Robertson,  who  says:  The  electric  current 
is   employed,  (1)  to  detect  alterations  of  irritability  or  sensi- 
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bility,  (2)  to  aid  in  distinguishing  between  forms  of  paralysis, 
(tt)  to  detect  the  presence  in  the  tissues  of  foreign  metallic 
bodies.  (4)  to  unmask  malingerers,  (5)  as  a  final  test  of  death. 

(1)  To  test  irritability  of  muscle  or  nerve,  use  an  induction  cur- 
rent, and  apply  well-moistened  electrodes  to  the  part,  the  skin 
over  which  is  also  moist.  This  insures  the  current  traversing 
the  latter  without  affecting  it.  Graduate  its  intensity  by  adjust- 
ing the  secondary  coil  or  altering  the  extent  of  surface  of  plates 
in  action  in  the  cell.  Begin  with  the  healthy  side,  and  find  the 
feeblest  current  that  will  produce  a  response  on  the  part  of  the 
muscle  or  group  tested.  Compare  the  result  obtained  with  that 
of  a  similar  experiment  on  the  suspected  side,  taking  care  that 
the  experiment  is  repeated  under  precisely  similar  conditions. 
If  both  sides  are  suspected,  then  a  healthy  standard  must  be 
obtained  elsewhere,  and  the  physician  must  compare  his  results 
with  an  average  obtained  from  healthy  individuals. 

For  testing  sensibility  the  skin  must  be  acted  on,  and  not  the 
tissues  beneath.  Therefore,  the  electrodes  must  be  dry  (a  wire 
brush),  and  the  former  well  dried  and  dusted.  Then  find  what 
strength  of  current  just  begins  to  be  painful  on  the  healthy  side 
of  the  patient,  and  compare  this  with  the  diseased  side. 

(2)  For  electrical  diagnosis  paralysis  is  considered  due  either 
to  a  central  or  peripheral  lesion,  and  the  value  of  electricity  is  in 
the  aid  it  gives  in  distinguishing  between  these.  A  central 
lesion  is  one  which  separates  the  muscles  from  the  higher  centres, 
a  peripheral  one  that  cuts  them  off  from  their  lower  centres.  Thus 
those  of  the  legs  are  in  nervous  communication  with  centres  in 
the  spinal  cord,  their  lower  centres;  but  these  are  subservient 
to  centres  in  the  brain,  their  higher  centres.  Now  these  muscles 
may  be  cut  off  from  their  higher  centres,  their  lower  being  left 
intact,  by  a  lesion  in  the  brain,  or  one  in  the  cord  above  the 
seat  of  their  lower  centres;  and  in  each  the  lesion  would  be 
called  central.  If,  however,  it  is  in  the  cord,  affecting  the  centre 
from  which  the  nerves  supplying  the  muscles  come  off,  or  in 
the  nerves,  cutting  off  communication  between  the  cord  and  the 
muscles  themselves,  it  is  called  peripheral.  Thus  central  paralysis 
is  dependent  upon  disease  in  the  brain,  or  in  the  cord,  higher 
up  than  the  place  of  origin  of  the  nerves  for  the  affected  mus- 
cles, while  peripheral  paralysis  is  due  to  disease  in  the  cord 
affecting  the  centres  connected  with  the  paralyzed  muscles,  or  to 
disease  of  the  nerves;  and  this  would  include  injury  to  them — 
e.g.,  cutting,  bruising,  thus  depriving  them  of  nervous  con- 
tinuity. 

This  being  explained,  the  main  fact,  stated  broadly,  is  that 
nerves  and  mu*cle*  paralyzed  by  a  central  lesion  have  their  irritability 
unaffected,  while  those  by  a  peripheral  have  it  rapidly  diminished  and 
finally  abolished. 
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In  the  central  lesion  the  nerves  and  muscles  still  retaiu  their 
connection  with  the  centres  in  the  spinal  cord.  They  are  only 
removed  from  the  influence  of  the  will,  so  that  voluntary  motion 
is  in  abeyance,  but  the  nourishment  of  nerves  and  muscles  re- 
mains, and  no  sign  of  any  impaired  function  ought,  therefore, 
to  be  present.  Of  course,  volition  being  suspended,  their  duties 
are  no  longer  performed.  They  fall  into  disuse,  and  since,  in 
course  of  time,  enfeeblement  always  attends  disease,  after  an 
interval,  diminished  irritability  will  be  perceived.  This  is,  how- 
ever, directly  the  result  of  disuse,  and  only  indirectly  a  result  of 
the  lesion.  The  irritability  can  be  restored  by  faradization, 
which  affords  an  artificial  stimulus,  and  causes  the  paralyzed 
muscles  to  work.  So  the  rule  remains  that  irritability  is  unaf- 
fected by  the  lesion.  There  is  an  exception,  however.  It  occa- 
sionally happens  that  it  is  apparently  increased.  This  will  occur 
when  the  lesion  in  the  brain  or  upper  part  of  the  spinal  cord 
is  an  irritative  one,  and  affects  the  ends  of  the  fibres  which  it 
has  cut  off  from  their  centres.  In  the  absence  of  any  ground 
for  supposing  this,  a  physiological  explanation  would  be  that 
the  moderating  influence  of  the  higher  centres  had  been  re- 
moved, and  the  response  of  the  lower  was,  therefore,  more 
easilv  elicited. 

In  the  peripheral  lesion  communication  has  been  cut  off  with 
the  centres  in  the  cord.  These  are  not  only  reflex,  but  trophic; 
the  nerves,  therefore,  degenerate,  and  the  retrograde  change* 
will  in  time  also  affect  the  muscles.  The  rapid  loss  of  irrita- 
bility, then,  is  due  to  degeneration.  Here  a  curious  circumstance 
arises,  that  is  difficult  to  explain.  What  has  been  said  refers  to 
electricity  used  as  induced  currents,  applied  by  moistened  elec- 
trodes. It  is  found  that  in  some  peripheral  lesions,  where,  as  is 
expected,  response  to  the  induced  or  Faradaic  current  is  entirely 
absent,  the  muscles  will  respond  to  the  galvanic  current  »/  it  is 
slowly  interrtiptetii  and  those  of  the  paralyzed  side  will  often  re- 
spond vigorously  to  one  so  weak  that  it  has  no  effect  on  the 
sound  side.  Further,  in  such  cases  the  nature  of  the  response 
is  altered.  Nominally,  excitability  is  greater  in  the  neighbor- 
hood of  the  cathode  on  closing,  and  the  anode  on  opening  the 
circuit :  but  in  those  cases  it  is  contraction  at  the  cathode  on 
opening  and  at  the  anode  on  closing  that  is  marked.  It  is 
difficult  to  explain  these  facts.  That  offered  by  Erb  and  corrob- 
orated by  Ziemssen  is  that  nerve  and  muscle  respond  differ- 
ently to  an  electric  current;  that,  while  the  former  responds 
ily  to  currents  of  very  short  duration,  the  latter  responds 
currents  of  longer  duration,  like  those  obtained  bv  in- 
18  of  the  constant  current.  Consequently,  when  the 
Ity  of  nerve  and  muscle  to  faradization  has  disappeared. 
>nae  of  the  latter  to  galvanism  may  still  be  elicited. 
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In  time,  however,  if  degeneration  proceeds,  galvanism  also  fails 
to  elicit  contraction.  The  cases  which  show  these  degenerative 
reactions,  are  rheumatic  paralysis,  facial  valsy  (due — e.  g.,  to  cold — 
i.  e.,  not  hemiplegia),  lend  palsy,  paralysis  due  to  injury  of  nerve 
trunks,  and  others.  To  sum  up,  then,  in  central  paralysis  irrita- 
bility is  unaffected,  in  peripheral  it  rapidly  disappears,  but  in 
some  cases  irritability  of  the  muscle  to  galvanism  is  increased, 
and  thereafter  disappears. 

(3)  To  detect  foreign  metallic  bodies — e.  g.,  a  bulletin  the  tissues, 
the  constant  current  is  employed.  Whafc  is  required  is  a  buttery 
sufficiently  powerful  to  ring  an  alarm  bell,  and  in  the  same  cir- 
cuit a  probe  of  particular  construction.  This  should  be  of  insu- 
lating material,  having  embedded  in  it,  and  insulated  from  one 
another,  two  copper  wires.  Their  ends  are  exposed  at  the  end 
of  the  probe.  If  they  are  put  in  the  circuit  of  the  battery  and 
bell,  the  latter  will  not  ring,  because  contact  is  broken  between 
the  two  wires.  If,  however,  the  probe  be  pushed  into  a  wound 
and  come  in  contact  with  a  bullet,  then,  both  wires  touching  the 
lead,  the  circuit  is  completed,  and  ringing  the  bell  gives  the  in- 
dication. Instead  of  a  bell,  a  galvanometer  is  used  (not  one  of 
sensitive  construction),  its  deflection  intimating  metallic  contact. 

(4)  As  a  means  of  detecting  malingerers,  electricity  must,  of 
course,  be  used  with  caution.  If  a  strong  induced  current  fail 
to  induce  contraction,  paralysis  is  evident,  for  contraction  set 
up  by  electricity  is  beyond  voluntary  control.  Though  it  is 
produced,  it  does  not  follow  that  nothing  is  amiss.  Faradiza- 
tion ot  the  dry  skin  with  the  wire  brush,  if  strong  enough,  is 
very  painful,  but  can,  without  danger,  be  employed. 

(i>)  Within,  at  most,  two  or  three  hours  after  death  induced 
currents  of  electricity  fail  to  provoke  a  response  from  the 
muscles.  Failure  in  this  is,  therefore,  a  sure  sign  of  death. 
Moistened  electrodes  must  be  employed  in  the  test,  and  the  skin 
well  saturated  with  warm  salt  water. 
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ABERRATION,  chromatic,  455 
Abnormul  sounds  in  chest)  344 
Abnormal  spectra,  550 
AtxcUsas,  axis  of,  249 
Absolute  vacuum-tube,  226 

zero,  565 
Absorbent  media,  308 

spectra,  544 

by  colored  liquid*,  548 
by  colorless  liquids,  548 
Absorption  in  animal*,  306 

in  plants,  306 

lines  of  spectrum,  383 

of  gases  bv  liquid-,  21*5 

of  liquids*  284 
Accommodation  of  eye,  470 
Accumulator,  electric,  660 
Acetic  acid,  514 
Achromatic?  cuihIuiiht*,  499 

lens,  456 

objective.  480 

pri«m,  435 
Acids,  decanting  of,  123 
AciuMic  attraction  and  repulsion,  369 
Acoustics,  311 
Actinic  ravs,  436 
Adhesion, *240 

of  solid  and  gas,  245 

of  >olid«  and  liquids,  243 

plate*,  243 
.Kolian  harp,  321 
Aerobics,  206 

Aero-therapeutical  establishment,  20S 
Air,  absorption  of  light  by,  399 

buoyant  power  of,  165 

composition  of,  157 

condensed,  respiration  of,  201 

in  cave*,  L'OO 

introduction  into  the  lungs,  164 

rate  of  movement  into  vacuum,  170 

resistance  to  moving  bodies,  169 

vibrating  columns  of,  340,  341 

vitiated  by  stoves,  302 
Air-pump  exhaustion,  152 
Ajutage,  107 
Alcohol,  514 

freezing  and  boiling  point,  562 

in  wine  and  beer,  101 

percentage  in  wines,  98 

post-mortem  determination,  104 


Alcoholometer,  104 
Alembic,  684 
Alga?,  515 
Algebra,  38 
Allov,  73 

Alterative  waters,  96 
Alternating  current,  704 
Altitude  and  boiling  point,  591 
Amalgamation  of  zinc,  654 
Amianthus,  79 
Amici  prism,  499 
Arnreboid  movements,  293 
Amorphous  bodies,  70 
Ampere  currents,  686 
Amplifycr  of  microscope,  494 
Amplitude  of  vibration,  312 
Aiuemia,  209 

treatment  of,  208 
Anaerobic*,  206 
Analogous  pole,  623 
Analysis,  434 

of  colored  lights,  441 

of  sounds,  360 
Analyzing  mirror,  524 
Anamorphosis,  420 
An  atmosphere  of  pressure,  175 
Anelectrotonus,  712 
Anemometers,  559 
Aneroid  and  altitude,  189 
Aneroids,  188 
Aneurisms,  treatment  of,  bv  electricity, 

703 
Angle  of  aperture,  481 

of  deviation,  424-428 

of  incidence,  424 

of  polarization,  524 

of  refraction,  424 
Aniline  dyes,  513 
Animal  heat,  607 
Animals,  distribution  of,  affected  bv 

heat,  612 
Anione,  665 
Annealing,  73,  571 
Anode,  653 

Anterior  chamber  of  eye,  469 
Anthrax  bacilli,  517 
Antilogous  pole,  623 
Aplanatic  lenses,  455 
Aqueous  humor,  468 

vapor  in  air,  158 
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Arc,  electric,  39u.  661 
Archimedes,  principle  of,  66 

scrvw.  US 
Area,  unit  of,  252 
Argand  burner.  395 
Argentic  nitrate.  514 
Artesian  wells.  06 
Artificial  horizon.  414 

ill uni* nation,  391 

light*,  action  of,  on  air,  613 
Asbestos.  79 
Asphalt  varnish,  1*42 
Aspirator,  149 
Astatic  needle,  677 
Asthma,  treatment  of,  20* 
Astigmatism.  470 
Atmosphere,  height  of.  15$ 

pressure  of,  1  59,  175 
Atmospheric  electricity.  647 
origin  of,  648 

lights.  387 

spectrum  lines.  347 
Atom,  centre  of  force,  50 

defined.  41 

hard.  49 

nature  of.  4V« 

origin  of  idea  of,  42 

vortex,  50 
Atomic  attraction,  238 

and  moti».»n.  56 
Attraction,  ae.»u*tic.  369 

electric.  62> 

explained.  636 
At  wood's  machine.  258 
Audi  phone.  377 
Auditorv  canal,  375 
Aural  speculum.  421 
Auric  chloride,  514 
Aurora  borealis,  650 
Auroras.  387 
Auscultation.  327 
Axes,  coordinate.  249 
Axial  illumination.  4',*8 
Axis  of  rotation.  265 
A  xle  and  w  im. h .  117 


BACILLI.   M7 
Bacteria.  515 
Baking.  606 
Balance.  •>? 

essentials  in. *'0 

hydrostatic.  66 

of  Coulomb.  7> 

wheel.  2*4 
Balloons.  166 

ascents.  168 

sickness,  19* 

traffic.  168 
Banded  spectra.  390.  544 
Barometer,  action  *>f.  illustrated.  174 

and  altitude,  !&• 


Barometer  and  death  rate,  182 

and  winds.  181 

aneroid,  189 

construction  of,  173 

Fortin's,  177 

glycerine.  17S 

in"  mines.  190 

siphon.  177 

wheel,  178 
Barometric  height,  180 

readings,  errors  in,  179 

variations.  179 
cause  of.  180 
in  weather,  181 
relation  to  natural  hist- *rv,  211 
Bar^metrv.  172 
Baroscope.  165 
Bath  experiment.  »V08 
Bathvbius,  212 
Batteries,  care  of.  659 
Battery,  thermoelectric,  *>'** 
Baume's  hydrometer.  100 
Beam  of  liiht,  400 
Beck  lens.  481.  482 
Beef  tea.  preparation  of,  51*4 
Beil-jar,  144 
Bell*,  33? 

electric.  684 
Bert.  Paul,  experiment*.  l'.*5 

rarefaction  cylinders.  l'.»9 

resume  of  his  result*.  214 
Biaxial  crystal*.  521 
Bichromate  batter  v.  659 
Bile  spectrum,  550 
Binocular  microscope.  50* 

vision.  475 
Blackbume's  pendulum.  367 
Black  pigment  of  eye.  469 
Blood,  composition  of.  193 

corpuscle*.  194 

spectra,  549 
Biowpipv  flames.  598 
Blue  light.  438 
Body,  charging  with  electricity.  •  -^ 

c**-ling.  process  in.  607 

loss  of  heat  from.  613 

of  microscope.  495 
Boiling  point  of  saline  mixtures.  59:* 

variations  in,  590 
Bones  of  ear.  function  of,  375 
B  >vle's  law.  183 
Breast  wheel.  126 
Breguet's  thermometer.  566 
Brick,  osmosis  through,  301 
Bright- lined  spectra.  542 
Broiling,  M»l 
Br^ken'spark.  627 

Bronchitis,  chronic,  treatment  <>f.  :>** 
Brown  ian  movement,  508 
Bude  lijrht.  397 
Building  materials.  79 
Bullet,  reflection  of,  262 
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Bullet,  electric  test  for,  715 
Bull's-eye  condenser,  601 
Bunsen's  battery,  659 

burner,  892 

filter  pump,  107,  155 
Buoyancy,  centre  of,  92 

of  liquids,  91 


/VKSIUM,  spectrum  of,  543 
\J     Caissons,  151,  209 
Calcium  light,  389 

spectrum,  543 
Calorescencc,  389 
Calorie,  509 

Calorific  effect*  of  inductorium,  093 
Calorimeter.-,  508 
Camera  lueida,  400 

obscura,  4*»0 

photographic,  401 
Cain  pan  i '8  eyepiece,  492 
Camphor  vapor,  condensation  of,  57  * 
Cannon  report,  170 
Capillaries,  continuous  flow  in,  29»~> 
Capillarity,  279 

and  chem ism,  302 

raiiMN  and  laws  of,  282 
Capillary  tube,  condition  of  interior.  2*1 
Carbolic  acid  solution,  514 
Carbonic  acid  pis,  210 

tension  of,  207 
Carbon  dioxide  in  air,  158 

light,  002 

monoxide,  210 
Carrel  lami>,  395 
Cardiograph,  114 
('armine  liquid,  513 
(/artesian  diver,  92 
Cascade,  charging  by,  041 
Ca>el)a  aneroid,  189 
Cathelertrotonus,  712 
Cathode,  053 
Catoptric  instruments,  519 

telescope,  421 
Caustics,  419 
Cavw,  air  of,  200 
Celestial  telescope,  519 
Cellar  floors,  preparation  of,  301 
Celsius  scale,  504 
Cement  pipes,  12m 
Cements,  240 
Centigrade  nalc,  504 
Centric  rotation,  205 
Centrifugal  force,  applications  of,  207 

motion,  20*; 

pump,  127 
Chain  pump,  1 17 
Chalybeate  waters,  90 
Charcoal,  absoq>tivc  power,  288 

brazier,  010 

filter?,  280,  2K7 
Chemical  action  a  mode  of  vibration, 437 


Chemical  action  in  spectrum,  430 

effects  of  inductorium,  693 

focus,  456 

microscope,  508 

testing  of  microscope  objects,  514 
Chemistry,  238 

relation  to  physics,  36 
Chest  notes,  371 
Chicken  cholera  bacilli,  518 
Chimes,  electric,  029 
Chladni's  figures,  339 
Chlorides  in  spectrum  analysis,  543 
Chlorophvl  spectrum,  548 
Choroid,  409 

Chromatic  aberration,  455,  478 
Chromatics,  437 
Chromatic  scale,  350 
Chromic  acid,  510 
Chromosphere,  382 
Chronograph,  254 
Ciliary  muscle,  action  of,  472 

processes*,  469 
Circuit,  closing  and  opening,  054 
Circular  polarization,  631,  532 

vibration,  314 
Circulation  of  blood,  807 

theories  of,  307,  808 
Cirrus,  582 

Cistern  barometer,  17G 
Clack  valve,  121 
Clamond's  battery,  069 
Cleansing  slides  and  covers,  509 
Cleavage,  71 

produces  electricitv,  624 
Clepsvdra,  258 
Climate,  601 

and  latent  heat,  572 

and  vapors,  570 
Clocks,  electric,  684 
Cloudlight  illumination,  503 
Clouds,  582 
Cochlea,  376 
Coddington  lens,  478 
Coefficients  of  expansion  of  .solid*,  656 
of  liquids,  557 
of  gaae*,  558 
Cohesion,  42,  240 

Cold  bath,  physiological  effects  of,  610 
Cold,  effect*  of  exposure  to,  608 
Cold-blooded  animata,  WIS 
Cold  in  decompression,  210 
Col  land's  gravity  battery,  058 
Collimator,  587 
Collision,  259 

balls.  260 
Colloids,  72,  293 
Color,  79 

and  musical  pitch,  444 
Coloration,  404 

by  rotatory  polarization,  534 
Color-blindness,  448 

images,  accidental,  442 


720 


INDEX. 


Color,  influence  of,  on  radiation  of  heat, 

003 
Colored  lights,  methods  of  mixing,  441 

mixtures  of,  440 
Colored  ring*  from  polarized  light,  521* 
Colors,  complementary,  442 

of  spectrum,  432 " 
Combustion,  391 
Comets,  386 

hydrocarbons  in,  887 
Communicator,  electric,  08-3 
Commutator,  electric,  079 
Comparison  prism,  538 
Compass  needle,  076 

action  of,  explained,  687 
Compensation  bar  hygrometer,  585 

plate,  530 

stripes,  500 
Complementary  colors,  442 
Compound  defined,  40 

balance-wheel,  500 

microscope,  479 
Compressed  air,  hygienic  management 
of,  209 

impurities  in,  210 

therapeutical  uses  of,  207 
Compressed  charcoal  filters,  280 

oxygen,  action  of,  on  germs,  205 
in  water,  212 
Compressibility,  03 

of  liquids,  81 
Compression  air-pump.  150 

manometer,  closed,  180 
open,  185 
Concave  meniscus  in  tubes,  280 

lens,  action  of,  explained,  448 

mirror-,  parts  of,  415 
Concha,  375 
Concordant  sounds,  356 
Condensed  air,  respiration  of,  201 

oxygen,  respiration  of,  201 
Condenser  of  inductorium,  092 
Condensers,  achromatic,  499 

electric,  043 
Condensing  air-chamber,  151 
Conduction,  595 

electric,  029 

of  electricity,  021 

of  heat  by  textile  fabrics,  59** 
by  liquids,  599 

of  sound, 320 
Conical  valve,  121 
Conjugate  foci,  410,  449 
Contagion  spores,  130 
Continental  climates,  001 
Continuous  forces,  2M 

spectra,  542 
Contractility,  70 
Cook  in:;,  application  of  heat  in,  594 

by  ra.lritit  Iwat,  005 
Conservation  ot'  energy,  234 
Consonants  373 


Convection  of  heat,  600 

Convergent  lenses,  446 

Convex  lens,  action  of,  explained,  447 

and  convergent  rays,  450 

meniscus  in  tubes,  280 

mirrors,  418 
Cornea,  455,  467 
Corpuscles  of  blood,  194 
Corti,  organ  of,  876 
Cotton,  absorbent,  285 
Coulomb,  balance  of,  032 
Cover  adjustment  of  objective,  484 
Covers  for  microscope,  509 
Cream  tube,  98 
Critical  angle,  420 

Cro  >kes's  argument  for  radiant  matter 
217 

kinetic  theory  of  gases,  218 
Crossed  len-es,  4->4 
Cruikshank's  batterv,  057 
Cryophorus,  580 
Crystalline  lens,  468 
Crvstallization,  572 

dry  method,  70 

moist  method,  70 
CVvstallized  bodies,  70 
Crystalloids,  72,  293 
Culinary  paradox,  591 
Cumulus,  582 
Cupping-glass,  102 
Cupric  sulphate  battery,  057 

electric  decomposition  of.  6*'»4 
Curvature  of  field,  457 
Cutting  implements,  273 
Cylindrical  mirrors,  420 


DAMMAR  cement,  242 
Daniell's  battery,  658 
Dark  space  tube,  220 
Davy  lamp,  597 
Daylight  illumination,  502 
Death,  electric  test  for,  715 

from  diminished  pressure,  200 

from  increased  pressure,  200 

rate  and  barometer,  182 
Declination,  magnetic,  670 
Decotnp  »sition  apparatus,  143 

by  heat,  555 
Decompression  accidents,   treatment  of, 
211 

effect*  of,  210 
Defining  power  of  objective,  483 
Deflagration  bv  electricity,  662 
Degradation  of  energy,  235 
Densimeter,  103 
Density,  60 

of  air,  therapeutical  effect-  of,  19$ 

of  gases  determined,  139 
Dentals,  373 
Depolarization,  528 
Deviation,  angle  of,  424,  428 
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Deviation  by  rotation  of  mirror,  412 
minimum.  429 


EAR  in  lower  creatures,  378 
in  man,  374 


Devices  fur  raising  water,  116  Earth's  action  on  magnets,  674,  676 

Dew,  formation  of,  605  ,  Ebullition,  590 

non-conducting  power  for  heat,  601 !  Edison  light,  661 
point,  determination  of,  586  '  Effects  of  illumination,  500 


Dialysis,  298 

application  of,  299 
Dialyzer,  298 
Diamagnetism,  088 

illustrated,  689 
Diapason,  304 
Diaphanous  bodies,  399 
Diaphragms,  458 

of  microscope,  494 
Diatomic  scale,  350 
Differential  thermometer,  502 
Diffraction,  459,  522 

spectra,  482,  523 
Dinged  light,  409 
Diffusion  between  liquids,  291 

of  gases,  294 

through  barriers,  300 
Diminished  procure,  death  from,  200 

effects  of,  196 
Diminution  of  intensity  of  sounds,  346 
Dioiitric  instruments,  519 
Diplopy,  474 
Dipping  needle,  077 
Direct  vision  spectroscope,  540 
Discharging  rod,  641 
Disease  germs,  96,  .">  1 .% 
Disinfectant  action  of  charcoal,  28H 
DisperMon,  abnormal,  432 

and  deviation,  432 

normal,  431 
Dissipation  of  energy,  230 

of  Kmnd,  320 
Dissociation,  555 
Dissonance,  352 
Distillation.  583 
Distilled  water,  514 
Distribution,  magnetic,  0*72 
Divergent  lenses,  440 
Diving-bell,  151 
Dobereiner's  lamp,  289 
Don  hie  refracting  prisma,  520 

refraction,  520 
Draper's  theory  «»f  circulation,  308 
Draw  tube  of  iuicrosco|>e,  494 
Dromo<rraph,  1 14 
Drops,  244 

Drowning,  death  by,  94 
Dm  in,  375 
Dry  objective,  480 
Dry  pile  battery,  000 
Ductility,  74 
Du  FaveV  theory.  022 
Duharncl,  graphic,  method,  354 
Duplex  burners,  394 
Dynamic  electricity,  052 
Dvnamoflcctric  machine,  094 


Effervescent  saline  waters,  96 
Efflux,  290 

form  and  quantity  of,  106 
Effusion,  290 
Eggs,  boiling  of,  595 
Elasticity,  63 

limit  of,  76 

of  compression,  77 

of  flexure,  77 

of  solids,  75 

of  torsion,  76,  78 
Elder-pith,  512 
Electric,  625 

arc,  061 

aura,  027,  699 

batteries,  double  fluid,  658 
single  fluid,  657 

charge,  dissipation  of,  684 
penetration  of,  640 

chimes,  629 

condition  of  atmosphere,  647 

current,  655 

enfeeblement  of,  656 
reactions  of,  686 

discharge  through  card,  641 
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fishes,  095 

induction,  035 

light*,  890 

machine,  cleaning  of,  626 

machines,  parts  of,  624 

pail,  037 

pendulum,  022 

residuum,  640 

spark,  660,699 

chemical  effects  of,  646 

duration  of,  644 


in  air,  626 


mechanical  effects  of,  646 
physical  effects  of,  645   ! 
physiological  effects  of,  646 

tension,  656 

vane,  629 
Electricity,  620 

action  on  animals,  698 

a  physiological  test,  712 

bound, 636 

by  cleavage  and  pressure,  624 

conductors  of,  621 

distribution  of,  631 

induced  by  magnet,  690 

in  diagnosis,  712 

in  plants,  695 

influence  of  points  on,  634 

intensity  of,  656-659 

laws  of,*  622,  628 


46 


722 


INDEX. 


Electricity,  measurement  of,  631,  659 

quantity  of,  636,  559 

rate  of  passage,  644 

superficial  distribution  of,  633,  634 
Electrobiology,  695 
Electrochemical  theory,  664 
Electrodes,  653,  696 
Electrodynamics.  652 
Electrolysis,  665,  702 
Electrolytes.  665 
Electromagnet.  683 

and  induced  currents,  691 
Electromagnetic  motors,  683 
Electromagnet  ism.  678 
Electrometallurgy.  »W>5 
Electrometer.  632 
Electromotive  force.  656 

series.  65-^ 
Electronegative*,  665 
Electrophorus.  630 
Electrophysiology.  695 
Electroplating,  666 
Electropositive*.  665 
Electroscopes.  631 
Electrotherapy.  698 
Electrotonus.  710 
Blectrotyping  66."* 
Element".  41  "" 

defined. 46 

hvdrogen.  the  original.  49 
Elliptical  polarization.  531.  533 

vibration.  314 
Emission  theory.  -'^0 
Em  met  ropy,  473 
Emphysema,  treatment  of,  :»> 
Emulsions.  291 
Endolymrh.  376 
Endoscope.  412 
Endosmoxneter.  2i»" 
Endosxnosis.  297 
Energy.  $* 

eoc*erva::.--:i  v^f.  «-*4 

degraia::^  >f.  23-"» 

dii»:p&::.^r.  of.  2^ 

measurczez:  of.  2-V. 

rer*reser.i»s:^=  of.  2-"- 1 

subdivisions  of.  2^7 

transform.*::. r.«  :**  2S-: 
Enteric  fer*r  bacilli,  v.7 
color.  "15 

c:or  .frvr.>kvw.  4>4 
las  sixrwxva.  M> 
\  514 
cbar*o:<r  .-f.  S?l 
i«ireo.  4o 
Ii--  -  f-r*  -^  $?0 
tiWv.'r*.  ra:e  of.  SSI 
K ->;*.- j  i-  :  :":*.  5""*- 
Kvarcr**.  *r    -  va.-u.\  "7** 
Kxoer : r  :  **  -%* : : .-  r. .  *>•> 


Exhaustion  air-pump.  152 

manometer,  186 
Exosmosis,  297 
Expansion  and  pressure,  185 

by  heat,  555 

of  gates,  558 

of  liquids,  557 

of  solids,  556 
Expiration,  act  of,  164 
Extraordinary  ray,  521 
Extremity,  upper,  electricity  applied  t-» 
muscles  of,  708 

lower,  electricitv  applied  to,  709 
Eyes,  466 

care  of.  with  microscope,  505 
Eve  lens,  492 
Eyepiece.  479,  492 


FAHRENHEIT'S  scale,  564 
Falling  bodies.  257 

stream,  form  of,  108 
Falsetto  notes.  371 
Faradav  discovered  radiant  matter.  -16 

tube  receiver.  145 
Faradaic  current.  689.  691.  704 
Faradisation  localized.  705 
Faure's  accumulator,  *>'*0 
Fenestra  ovale.  375 
Field,  curvature  of.  4"i7 

lens.  492 
Filter  pump.  Bunsen.  155 
Filtration.  285.  28*.  287 
Fire-damp  and  barometer.  190 
Fireplaces.  616 
Fish,  destruction  of.  213 
Fishes,  electric.  *95 
Fixed  alkalies.  514 
Flagelia.  515 
Flames,  constitution  of.  3*5 

from  fluid*.  394 

from  solids,  395 

sensitive.  343 

singing.  342 

structure  of.  596 
Flatneas  of  field,  objective,  4S4 
Flexible  siphon.  120 
Floating  rxdies  and  capillarity.  2*4 
equilibrium  of,  92 
stability  of,  92 
Fixation,  influence  of  sex  and  --befit  v 

on.  94 
Fluids  of  different  densiuea,  equilibrium 
of.  97 

resistance  to  moving  objects,  1 1 X 
Fluorescence.  $S* 
Focos,  depth  of.  457 

dec*rni:nat»on  of.  450 
Focussing  apparatus  of  microscope.  4X 
Faces,  tunc*  of.  S<3 
Fo*.  3*1 
Foot  p«7«n4.  255 
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Force,  38 

English  unit  of,  254 

ideas  regarding,  238 

measure  of,  254 

pump,  122 
Forces,  parallelogram  of,  253 

representation  of,  by  lines,  252 
Fortin's  barometer,  170,  177 
Foucault's  prism,  527 
Foul  air,  removal  of,  614 
Fractional  distillation,  584 
Fragility,  78 

Franklin's  theory  of  electricity,  623 
Fraunhofer's  lines,  545 
Freezing  mixtures,  572 
Freud's  rhomb,  582 
Friction,  270 

CHU80  of,  240 

electricity,  620 

laws  of,  277 
Frog  galvanoscope,  697 
Frying,  006 
Fulgurites,  649 
Fundamental  colors,  442 

tone,  358 
Furnaces,  618 

heat  and  vaporization,  577 

supply  of  vapor  to,  619 
Fusion,  laws  of,  570 


GALILEO,  theory  of  action  of  pump, 
172 
Galvanic  electricity,  658 
Galvanocaustic  loop,  700,  701 
Galvanornutery,  699,  700 

battery,  702 
Galvanometer,  079 
Galvunoplastics,  665 
Galvannpuncture,  703 
Gamut,  350 

Gas- burners,  forms  of,  .'{93 
Gas,  139 

compressibility  of,  141 

<*la»tic  force,  141 

elasticity  of,  142 

expansibility  of,  141 

generation  of,  143 

flame,  391 

furnaces,  597 

pouring  of,  146,  147,  14H 

relation  of  density  and  combining 
equivalent,  140 
Gaseous  matter,  135 
Ga*e«,  absorption  of,  by  liquids,  295 
by  solids,  287 

arrange    themselves    according    to 
density,  146 

collection  by  displacement,  148 

conduction  power  for  heat,  002 

diffusion  of,  294 

form  not  fixed,  136 


Gases  have  weight,  137 

hypothetical  constitution,  138 

reunite  behind  dividing  solid,  137 

transpiration  of,  290 

washing  and  drying  of,  148 
Gas-sphygmoscope.  115 
Gauze,  action  of,  on  flame,  566 
Gcissler's  tubes,  155,  544,  698 
Generation  of  gas,  143 
Geometry,  38 
Germs,  96 
%    and  compressed  oxygen,  205 

collection  of,  193 

conveyance  by  air,  191 

destruction  of,  192 

filtration  of,  from  air,  191 
Giflfard's  injector,  107 
Gilding,  600 
Globe  lightning,  649 
Glycerine,  614 

barometer,  178 

jelly,  515 
Gmelin's  test,  spectrum  of,  550 
Gradient,  barometric,  182 
Graphic  method,  252 

Duhamel's  354 
Graphite,  72 
Gratings,  523 
Grating  spectroscope,  540 
Grove's  battery,  658 
Gravity,  56,  239 

centre  of,  56 

influence  of,  on  falling  bodies,  257 

specific,  60 
Gregorian  telescope,  421 
Grcnelle  artesian  well,  97 
G  re  net  battery,  657 
Gridiron  pendulum,  559 
Gutturals,  373 
Gymnotus,  690 
Gyroscope,  267 


H.EMADROMOMETER,  114 
Hftmadynamometer,  114 
Hiematachometer,  114 
Hematoxylin,  513 
Haemoglobin,  194 

spectrum  of,  194 
Hail,  583 
Hair,  elasticity  of,  78 

hygrometer,  585 
Hand-glass,  163 
Hardening,  510 
Hardness,  72 
Harmonics,  358 
Harvey's  theory,  807 

objections  to,  807,  308 
Head,  electricity  applied  to  muscles,  706 
Heart  sounds,  346 
Heat,  absorption  of,  604 

convection  of,  600 
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Heat,  effects  on  composition,  564 
on  physical  properties,  553 
on  measures  of  quantity,  559 
on  measures  of  time,  559 

emission  of,  004 

evolved  from  body,  009 
from  exercise,  610 

in  prismatic  spectrum,  486 

lightning,  049 

measurement  of,  561 

mechanical  equivalent  of,  619 

source  of,  in  bodies,  607  # 

sources  of,  552 

theories  of,  551,  552 

theory  of  exchanges  of,  005 

transmission  of,  004 
Heliograph,  413 
Heliusiat,  413 

Helmholtz's  resonators?,  300 
Hepatic  water*,  90 
Herschelian  telescope,  421 
Heterogeneous  liquids,  arrangement  of, 

98 
Hibernation,  008 
Hollow  prisms,  539 
Holtz  electric  machine,  043 

in  spectrum  analysis,  544 
Homogeneous  immersion  objective,  487 
Hot-air  furnaces,  018 
Hot-blooded  animals,  608 
Hot- water  furnaces,  018 
Houses,  warming  of,  015 
Humors  of  eye,  408 
Huygben's  eyepiece,  492 
Hyaloid  membrane,  408 
Hydraulic  engineering,  materials  for,  127 

friction,  107 

press,  87,  88 

ram,  124 

tourniquet,  101* 
Hydraulics  defined,  115,  110 
Hydrocarbons  in  comets,  387 
Hydrodynamics,  105 
Hydroelectric  machine,  030 
Hydrogen,  209 

osmose  power  of,  301 
the  original  element,  49 
Hydrometer,  100 

Nicholsons,  07 
Hydros>tatic  bod,  88 

test  for  steam  boilers,  89 
in  infanticide,  93 
Hydrostatics,  80.  87 
Hygiene  and  osmose  of  ^ases,  301 
Hygrometrie  bodies,  weighing  of,  59 
Hypermetropy,  473 
Hygrometry,  5S6 


ICE  flowers,  554 
machines,  570 
Ignut-fatui,  387 


Illumination    in   microscope,  498,  41*9, 

500,  502,  603 
Illuminating  flames,  392 
Images  by  concave  lenses,  453 
by  convex  lenses,  451 
by  spherical  mirrors,  418 
fixation  of,  509 
formation  of,  401 ,  400 
from  plane  mirrors,  410 
lateral  inversion  of,  41 1 
Imbibition  of  liquids,  284 
Immaterial,  38 
Immersion  objective,  480 
Impact,  260 

Impulse,  transmission  of,  200 
Incandescence,  389 
Incandescent  light,  001 

spectra,  545 
Inclined  plane,  272 

surfaces,  capillary  action  of,  283 
Increased  pressure,  effect  of,  200 
Incus,  375 

Index  of  refraction,  425 
India  rubber  and  osmosis,  302 
Indicator,  electric,  685 
Indium,  spectrum  of,  543 
Induced  currents  of  electricity.  089 
Induction,  charging  by,  030 

coil  in  spectrum  analysis,  543 
electric,  635 

passes  through  glass.  03S 
magnetic,  072 
Inductive  power,  038 
Inductorium,  0*91 

experiments,  093 
Inertia,  61 

Infra-red  spectrum,  540 
Injection,  512 
Inorganic  bodies,  04 
Insensible  perspiration  and  exercise,  5k$ 
Inspiratory  act,  104 
Instruments,  269 

care  of,  273 
Insulator,  025 
Intensities  of  light,  relative,  408 

laws  of,  404 
Intensity  of  sounds,  34o 
Interference  of  litfbt,  521 
of  sounds,  351 
spectrum,  528 
Intermittent  light  develops  sound,  322 

siphon,  121 
Internal  ear,  370 
Interstice,  43 

actual  size  ot\  45 
relative  size  of,  44 
Intramolecular  movements,  205 
Iridescence,  438 
Iris,  469 

diaphragm,  469,  498 
Iron  deposit  by  electricity,  60i 
occlusion  power  of,  289 
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Iron,  osmosis  through,  302 

water  pines,  12§ 
Irradiation,  472 
Irrigation,  117 
Island  climates,  601 
Isothermal  lines,  600 


JEWELLERS'  cement,  241 
Joule's   mechanical    equivalent  of 
heat,  019 
Jourdanet,  theory  of,  198 


KALEIDOSCOPE, 266,  415 
Katione,  065 
Kellner's  eyepiece,  493 
Kerosene  furnace  and  explosion,  599 
Kilogram  metres,  255 
Kinematics,  38 
Kinetic  energy,  232,  238,  247 
theory,  21*8 

of  gases,  138 
Konig'^  resonator,  361 

stethoscope,  328 
Kymographion,  114 


I  ABIALS,  373 

L     Labyrinth.  376 

Lactometer,  102 

Lamina  spiralis,  376 

Lamplight  illumination,  503 

Landslides,  91 

Lantern,  photoelectric,  465 

Laryngoscope,  412,421 

Larynx,  370 

Latent  heat,  571 

Law  of  movement,  249 

Laws  of  capillarity,  282 

of  transverse  vibrations  of  *ound, 
336 
Lend  in  wuter,  128 
L<Mid-pipe,  insoluble  lining,  12H 
Leave-*,  305 
Li'dandie*  battery,  657 
Ledger  line*,  357 
Lens,  aperture  of,  446 

rhnnge  in  rurvature,  471 
Ler  !-«•*,  445 
Le.-lie's  canister.  603 
Levers,  law  of,  271 

three  «»rder«  of,  269 
Leyden  hattcrv,  641 

villi,  639  * 

dU-erti'd,  640 
-park,  699 
Lii'liti'iiberg**  tlgur*»s,  641 
Li'-N-rkuhn,  421 

conden-er,  501 
Lifbig'*  conden-er,  584 
Life  and  rare  fled  air,  153 


Life  and  the  atmosphere,  156 
Lift-pump,  122 

explained,  161 
Light  and  life,  897 

and  motion,  391 

composition  of,  430,  433 

decomposition  of,  434 

electromagnetic  theory  of,  380 

for  spectroscope  work,  589 

propagation  of,  399 

qualities  of,  403 

recomposition  of,  434 

sources  of,  382 

theories  and  sources  of,  379 

theory  of  origin,  383 

unite  of,  407 

velocity  of,  402 
Lightning,  387,  649 

identical  with  electricitv,  647 

flash,  172 

rod,  650 
Limpidity,  85 

Lines  of  spectrum,  wave  lengths,  546 
Lint,  absorption  action  of,  285 
Liquefaction,  579 
Liquid  matter,  81 

thermometers,  562 
Liquids,  conduction  power  of,  for  heat, 
598 

densities,  83 

downward  pressure,  90 

elasticity,  82 

equilibrium  in  communicating  ves- 
sels, 95 

falling,  257 

form  not  fixed,  81 

hypothetical  constitution  of,  84 

lateral  pressure,  91 

movements  in  tubes,  107 

porosity,  82 

resist  compression,  81 

reunite  behind  dividing  <<>lids,  84 

spheroidal  state,  H5 

transpiration  of,  290 

upward  pressure,  91 

warming  of,  602 
Liquidity,  84 
Lissajou's  figures.  366 

method,  365,  :(66 
Lithium,  *|>ectrum  of,  543 
Local  action  in  batteries,  656 
Long  circuit,  681 

compensator,  681 
Longitudinal  impulse,  201 

vibration,  313 
Longsightedness,  473 
Loops  and  node*,  337 
Lovers'  telegraph,  320 
Low-pressure  engine,  580 
Lubricating  materials  277 
Lugol's  solution,  514 
Luminositv,  i¥M 
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Luminous  effects  of  inductohum.  »;93 
Lungs,  flotation  of.  93 

moisture  exhaled  fr-»m.  5S7 
Lyoopodium,  absorption  action  of,  28  "• 


MACHINES.  2*' 
Magdeburg  hemispheres.  I*i0 
Magenta  color. -7»  1 5 
Magical  orchestra.  327 
Magic  lantern.  4»'.l 
Magnesian  light.  3S*» 

phosf  hate,  action  on  water.  13-i 
Magnet,  ar.inciai.  »i70 

action  on  high  vacuum- tube.  22-"» 
on  low  vacuum-tube.  224 

induces  electricity.  ►'.**} 

power  of.  •■7  "* 
Magnetic  keeper.  *"»71 

motors,  cost  vf.  *'->4 

needle,  v?**. 

polarity.  laws  of.  #'71 

storms.  »>7'.i 
Magnetizing,  methods  of.  »-73 
Magnetism.  *'.7»> 
Magnetoelectric  machine,  »'$■• 
Magnifying   power,  augmectatkn   •  f . 
•*>4 
measurement  of.  "*>4 
cf  aiicrvscvr*.  47** 
Malaria.  Ill 

and  marries.  !•?-> 
Malarial  gem:*.  action  of  trees  -p.  !$2 
Maldes  M.nta^-r*.  ■■-. 

rxpl»::»t: .  I.   :f.  I>> 
sym: :.  ~*  -.:'.  IvT 
Malingerers,  elect  r:.;  :e>:  f:r,  71> 
Malleability.  7? 
Malleable  *la*s.  73.  "-7I 
Malleus.  S7'. 

Man-.a:eter.  ■„■■.»!:■  i-«ss:-. r. .  ■:".  i*eu.  I**'- 
opes,  1S3 

ec^-ial.ty.  I>7 

vi£avL*::   ~.  IS.* 
Man^z:e:^c  f  aitts.  v*..  '•"2.  '"■ -? 
Marey.  ta~:«.'-r  ..-f  ^"4 
Marine  glu*.  24*. 
Mariotte  >  "aw.  IsJ 
Marloyl">  harp.    •>> 
Mar>h"-ira:r*.::g  iri  liiarj.  '.--- 
Mason's  hyicr* t^-t-r.  ■>■> 

cen:*:::.  24! 
?tr»::os,  -via:.-,  c  ^  rcvsics.  ■"•* 
deaned.  3* 


.'.s 


chemxV  I:t:*:..»c»  of.  »'4 

c^'c r  re*s: :  ••  1 ::y  .  :*.  *'■$ 

etfecs  <.:*  2-»a:    z.  42 

ttfec:  »f  pcv*>^re  :n.  42 
ticitr  of.  «f:j 


Matter,  extensibility  of,  •>> 

impenetrability,  ->S 

indestructibility  of,  .>4 

inertia  of,  61 

mobility  of.  01 

omnipresence  of,  4-> 

physical  forms  of,  *A 

porosity  of,  «52 

properties  of.  So 

relation  to  rotation.  02 

structure  of,  44 

subdivision  of,  39 

theory  of  oneness  of.  4»" 

transmigration.  "A 
Maximum  density.  ooS 
Maxwell's  th**ry  «.f  light.  3h) 
Mayer's  floating  magnets.  07-" 
Mean  free  p*th~  21* 

ir.  radiant  mat.fr.  ".:?» 
Meat,  boiling  of.  -V.*4 
Meatus.  37o 
M»~chanical  action  of  rad'an:  mat>r  *J24 


erTects  of  indue  tori  um. 
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mechanism  of  eye.  466 
Mechanics.  23> 

of  blood  circulation.  114 

relation  to  physics.  3** 
Medical  magnetoelectric  ccmc'-.l-e. 

physics,  domain  and  apir.cau-.-r.  ■  f. 

therm-: me ters,  364 
Me*a*cv;e.  4^o 
Mellon  i*  multiplier.  ft£ 
Membrara  tvm;ar.i.  37-3 
Membranes,  vibrating.  £39 
Membra::  u*  labyrinth.  37*5 
Mendrrcr-  >  la\::ery.  £56 
Men:-c-*,  447 
Menstru-n..  245 
Mercurial  pendulum.  -560 
Mercurv.  freezing   and   boiling    w~lrt. 


pump. 


l->3 


Me^ls.  corMvictir  z  power  for  heat.  -*■&* 

nrair.etic.  «5T2 

'■jrL.-'*is  vf  .rase-?  throoch,  9frz 
Metar^y^s.  -eat>  z  to  parties,  io 
Me^r.'me.  t>*.3 

intrrr^rter,  »'•>'. 
Miasm.  ->s3 
Mica  dims.  52"> 
M'xp.cocci.  -51-" 
Micrvccvcu*  tetraoea^s-  51* 
Micri^icoc*.  413.  47T 

cans  of.  .x>5 

trr»?r».  50* 

aiirrvr.  421 

pro»«ct:^n.  46>"t 

sclaV.  4«2 
Micr^^m-tr*  K-rvw.  273 
M'.ct^kc^c  preparauona,  cimtr*  for. 
242 
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Microtome,  simple,  511 

Middle  ear,  375 

Milk  tester,  centrifugal,  267 

Mineral  waters,  96 

Minims,  244 

Minimum  deviation,  420 

Mirage,  426 

Mirrors,  410 

aperture  of,  416 

elements  of,  416 

pole  of,  416 
Mixed  powders,  colors  of,  440 
Mixture,  200,  291 
Mobile,  247 
Mobility,  61 

Modern  microscope,  parts  of,  480 
Mohr's  scale,  72 
Moisture  exhaled  from  lungs,  587 

from  skin,  588 
Molar  attraction,  238 

and  motion,  56 
illustrated,  239 

motion,  varieties  of,  256 
Molecular  attraction,  238 
and  motion,  56 
kinds  of,  240 

change  and  polarized  light,  530 

motion,  varieties  of,  278 
divisions  of,  279 
Molecule,  41 

actual  size,  45 

defined,  11 

do  not  touch,  43 

motion  among,  43 

movement    of,   in 
sound,  325 

relative  size  of,  44 

the  true  matter,  226 

vibration  of,  44 
Momentary  forces,  239 
Momentum,  254,  259 
Mona.H  crepisculum,  40 
Monochord,  336 
Monochromatic  light,  437 
Monsoon*,  559 
Mom*  telegraph,  685 
Mosaic  gold,  622 
Mrnioii,  3H,  247 

non- vital,  ."jOH 

Newton'.-  laws  of,  25o 

reciprocating,  262 

reflect  ion  of.  262 

and  light,  391 

of  fluid  in  capillary  tut***,  303 

of  mouth  in  .speech,  372 
Motor,  electromagnetic,  68:; 
Movement,  law  of,  219 

kind-  of,  250 
Multiple  image*.  41 1 

prism  *|>ectnHcojief  539 
Multiplier,  679 
Muscle  current,  696,  697 


propagation    of 


Muscle,  irritability  of,  713 
Musical  notation,  356 

pitch  and  color,  444 
Myograph  ion,  254 
Myopy,  473 


NASAL  speculum,  421 
speech,  373 
Natural  philosophy,  35 
Nearsightedness,  473 
Nebular  spectra,  544 
Neck,  electricity  applied  to  muscles  of, 

707 
Needle,  telegraph,  686 

for  microscope  work,  510 
Negative  electricity,  622 

pole,  653 
Nerve  current,  697 
Newtonian  telescope,  421 
Newton '8  laws  of  motion,  250 
Nickelplating,  667 
Nicol's  prism,  527 
Nimbus,  582 
Nitric  acid,  514 
Nobert's  test- plates,  489 
Nodes  and  loops,  337 
Noise,  319 
Normal  spectra,  523 
Norremberg's  apparatus,  525 
Nose-piece  to  microscope,  492 
Notation,  musical,  356 
Notes,  359,  371 
Numerical  aperture,  481 


OBJECTIVE,  479 
care  of,  505 
Objects,  preparation  of,  510 
Obsidian,  537 
Occlusion,  288 
Octave,  356 

(Krsted'*  experiments,  82,  678 
Ohm,  659 
Oil  of  cedar  wood,  4*7 

of  fennel,  487 
Opacity.  79 
Opalescent  bodies,  399 
( >paque  bodies,  color  of,  43« 
Opera-glass,  519 
OphthalmoscofH*,  421 
Optic  angle,  470 
Optical  centre  of  lens,  451 
Optical  mechanism  of  ey«\  16' 
Optic  axis  of  crystals,  521 
of  eve,  470 

centre  of  lens,  470 
Optics,  379 
Orbital  rotation,  265 
Ordinary  ray,  521 
Ordi nates,  axis  of,  249 
Organic  bodies,  65 
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Organic  matter  in  water  pipes,  ISO 

molecules.  266 
Organisms,  minute  living,  40 
Organized  bodies.  65 
Oscillation,  amplitude  of,  263 
Oscillating  motion,  2»t2 
Osmic  acid.  510 
Osmosis,  297.  300 
Osteomyelitis  micrococci,  518 
Otolithic  sac,  374 
Overshot  water  wheel,  13& 
Overtones.  $58 

Orum,  structures  evolved  from.  4* 
Oxygen  and  life.  158 
"  ni*;h  tension  of.  204 

poisoning  by,  205 

respiration  of,  201 

tensions.  1^ 

tension  of.  in  air.  21^ 

therapeutical  effect*  of.  207 
Oxycalcium  light.  462 
OxvhjKnoelobin.  195 
Oxybydrocen  tame*,  character  of.  3V7 
*  lantern.  4*2 

lights.  $8$ 
Oxymagziestum  light.  4*5 
Oxyzuconium  light.  4»« 
Ozone  and  malaria.  1^4 


¥>ALLLDIFM  occlusion  rower  of.  28* 
I      Parer-ru3r  *^««.  287" 
Papin's  iigwter.  >>3 
Parabolic  ill -ruinator.  4$* 
mirrvr*.  41*> 
speculum.  -V»I 
hute.  170 

^.ocraa:  of  f  >rces.  2-V 
Lr$£*.  electricity  a  test  for.  7K 
rsetisc:.  '"^8 
Paraplear-i  is  i-?cv=rr*»;-;c  tr**:x.*at 

of.  211 
Parucl*  ie  !=■*£.  40 

1*  *xp*:r:=:e-:.  174 
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fvLTf.  4v 


ir=br*.  *.V 
ly-rri.  *~* 
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Phoagenic    action    of   radiant    master 

221 
Phosphorescence.  387 
Photometers,  405 
Photophone,  321,  377 
Photosphere,  382 

Phvsical  phenomena  perceived,  37 
Physics,  238 
"  defined,  35 

divisions  of.  37 

of  respiration,  310 
PbTsiologtcal   effects   of    inductorium. 

693 
Picro-carmine  liquid.  5! 3 
Piexometi*.  82 
Pigments.  438 
Pinna.  374 
Pipette.  161 
Pitch.  359 

of  sounds.  352 
Plane  mirrors.  *ppikatK«n*  of.  412 
Planes  of  pelvis.  273 
Planetary  spectra,  547 
PlaneU.  3S5 
Plants,  absorption  in.  306 

distribution  influenced  by  beat.  ■T.i 

electricity  of.  695 
Piaster,  osmosis  th rough.  301 
Plateau's  experiment.  85 
Plate*,  vibrating.  538 
Platinum  and  osmosis,  303 


occlusion  power, 


289 


Placker's  tubes.  544 
Pneumaacs  denned.  135 
Pnecmadc  apparatus.  143 

trough.  144 
Pceumoaia  micrococci.  "»18 
Podura  scale.  4*>.  4*1 
Points,  actioc  en  el 
Poisons  dialyzed. 
Polarized  ill  *ai nation.  50(2 

light,  action  of  xacnec 
interference  --f.  5 

~~  "  ion 
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ci 


:v  doabi*  refraction.  "c!i 


bv  reiecticE.  5r4 

;t  «rc>  refracta-u,  3&5 

rrrectioa.  4*55 

•.  f  electrode*.  6^-5 

<f  ligit-  524 

o£  s>.cad.  $S5 


Pol-**.  ej*ctrw-  *«5S 
Pcce*.  ;&y*ical.  42 

se^+ibl*.  *^ 
P:c\>k:v.  ^2 
P.niti-rc  ^el^ed.  48 
K".irv  of.  56 


PosiiT* 
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Positive  polo,  658 
Posterior  chamber  of  eve,  409 
Potassium  spectrum,  543 
Potential  electric,  055 

energy,  231,  238 
Presbyopy,  473 
Preservative  media,  514 
Pressure  4hd  solubility  of  gas,  190 

effect  on  boiling  point,  591 

equality  of,  in  fluids,  87 

on  bottom  of  a  vessel,  98 

physiological  effects  of,  195 

produces  electricity,  624 
Primary  color  sensations,  442 

current,  constant,  699 
intermittent,  704 

electricity,  058 
Prime  conductor,  026 
Principal  focus,  410,  449 
Prism,  428 

achromatic,  435 

in  spectroscope,  538 

reflecting,  430 
Prismatic  spectrum,  430 

chemical  action  in,  430 
heat  in,  430 

maxima  of  energies  in,  436 
Projectiles,  trajectory  of,  258 
Projection  lantern,  464 
Protoplasm,  305,  098 

structures  evolved  from,  48 
Pull.-v,  275 

wells,  1 17 
I'ul.-e  ulttK*,  580 
Pulverization,  10 
Pulverumcher's  chain,  058 
Pump,  121 
Pupil,  409 

Put  re  faction,  influence  on  flotation,  !»4 
Pvroeh-ctricitv,  023 
Pyrometers,  500 


Q 


UADKAXT,  414 

(Quality,  359 


RADIATION,  002 
Radiant  heat  and  cooking,  0(15 

Radiant  heat,  course  of,  t]Q2 
matter,  210 

action  on  solids,  223 
best  condition*  for,  21H 
course  of  movement,  222 
defleeted  by  magnet,  224 
exerts  mechanical  action,  224 
interception  of,  223 
phojjgenic  action  of,  221 
produce*  heat,  225 

Radiometer,  action  of,  explained.  219 

Railway  tube,  224 

Rain.  582 


Rainbow,  433 

Rain  water.  90 

Rarefaction  cylinders,  199 

Rarefied  uir  and  life,  153 

Rate  of  passage  of  electricity,  644 

Ray,  400 

Real  focus,  417 

Real  images,  411,  452 

Reaumur's  scale,  604 

Reciprocating  motion,  202 

Rectilinear  motion,  250 

Red  light,  438 

Reed  instruments,  341 

Reflected  illumination,  500 

Reflecting  prism,  430 

Reflection,  laws  of,  408 

of  heat,  602 

of  motion,  202 

of  sound  from  plane  surfaces,  332 
from  curved  surfaces,  883 

total,  420 
Refracting  media,  428 
Refraction,  422 

atmospheric,  420 

index  of,  425 

law  of,  427 

of  sound,  334 

power  of,  424 

single  laws  of,  424 
Registering  hygrometer,  585 

thermometers,  505 
Regit  lino  deposits,  000 
Reinforce  men  t  of  sounds,  348,  349 
Reluv  batterv,  085 
Repose,  247 
Repulsion,  acoustic,  309 

electric,  028 

explained,  080 
Residual  charge,  magnetic,  083 
Resinous  electricity,  622 
Resistance  box,  680 
Revolving  power  of  objective,  4811 
Resonance,  349,  850 

box,  357 
Resonators,  SOX),  361 
Respiration,  action  on  air,  013 

physics  of,  310 
Resuscitation  by  electricity,  712 
Retaining  siphon,  120 
Retina,  409 
Rheocord,  096 
Rheometre,  679 
Rheostats,  680 
Rheotrnpe,  090 
Rhinoscopy,  421 
Rigor  mortis,  70 
Ring  cells,  510 

diaphragm,  49H 
Roasting  005 
Killing  friction,  270 
Root  tip*,  305 
Rope  pump,  118 
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Rotation,  265 

Rotatory  polarization,  theory  of,  533 

power  of  liquids,  534 
Rubber,  electric,  625 
Rubidium,  spectrum  of,  541 
Ruby  tube,  221 
Rupert's  drops,  73 


SACCHARIMETERS,  534 
Saccule,  376 
Salicylic  acid,  solution  of,  514 
Salimeter,  102 
Saline  waters,  96 
Salt  water,  flotation  power  of.  94 
Sanctorio's  thermometer,  561 
Sand-glass,  258 
Sap,  movement  in  trees.  303 
Satellites,  385 
Saturation,  291 
Safari's  wheel,  352 
Scales  in  spectroscope.  539 

thermometric,  564 
Scalpels,  278 
Scattered  light.  409 
Schizomycetes,  515 
Sclerotic,  467 

Screw,  an  inclined  plane,  274 
Screws,  drunkenness  of,  275 
Scud,  582 

Seasickness,  cause  of,  57 
Sea  water,  gases  in,  213 

waves,  112 
Secondary  axes  of  lenses,  451 

coil, 691 

conductor,  629 

current,  704 
Section  cutting  for  microscope.  51 «» 
Sediments,  transference  of.  162 
Seeds,  germination  of,  204 
Selenite  film*.  529 
Semicircular  canals.  376 
Sensitive  flames,  343 
Septicaemia  baciiii.  51> 
Sequoia  Wellingtonia,  304 
Sewage,  96,  110 

disposal  of.  HI 

in  houses,  129 

leakage,  osmosis  of,  301 

utilization  of.  133 
Sextant,  414 
Shadow.  400 
Shearing.  75 
Sheaved  275 
Sheet  lightning.  •'.4,.» 
Shellac  i-vinent.  242 
Shoals.  110 
Short  ci r  ait.  0S1 
Shunt,  »'.»*rt 

Sick  ro«»m>,  ventilation  of.  •■!■> 
Silt,  110 
Silurus.  696 


Silvering,  666 
Simple  diffusion,  292 

electric  cell,  654 

microscope,  478 
Singing  flame,  342 
Single  vibration,  312 
Siphon, 119 

barometer,  177  4 

Siren,  353 
Skin,  moisture  exhaled  from.  58* 

sensibility  of,  713 
Slides  for  microscope,  509 
Sliding  friction,  276 
Slit  for  spectroscope,  537 
Smees  battery,  657 
Snow,  583 

Soapstone  in  stoves,  302 
Society,  screw  of,  microscope,  -*93 
Sodium  chloride,  decomposition  of.  ••64 

spectrum,  542 
Solar  action,  energy  of,  383 

microscope,  462 

spectrum,  545 

lines  at  a  scale,  -VI 7 
Soldering,  243 
Soleil's  sacchari meter,  536 
Solenoids,  686 
Solid  and  gas,  adhesion  of,  245 

and  liquid,  adhesion  of,  243 
Solidification,  laws  of,  570 
Solid  matter,  64 

in  urine,  estimation  of,  102 
Solids,  adhesion  of,  240 

changed  by  radiant  matter,  223 

density  of,  66 

divided  do  not  reunite,  70 

fixity  of  forms,  65 

hypothetical  constitution  of,  80 

resist  compression,  66 
Solution,  290,  291 

explained,  244 
Solvent,  245 
Song, 370 
Smometer,  336 
Sonorous  bodies,  335 
Sound,  analyzer.  364 

analysis  of,  360 

conduction  of,  326 

dissipation  of,  326 

from  inanimate  nature.  320 

general  properties  of,  319 

increase  in  intensity.  :)48 

intensity  of,  346 

interference  of,  351 

length  of  wave,  in  air,  360 

origin  of,  320 

phases,  317 

polarization  of,  335 

propagation  of,  323,  324 

reinforcement  of,  348 

reflection  from  plane  surface*,  332 
from  curved  surfaces,  XSZ 
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Sound,  refraction  of,  334 

special  properties  of,  340 
synthesis  of,  304 
transmission  of,  in  tubes,  317 
velocity  of,  in  gas,  329 
in  liquids,  330 
in  solids,  331 
Sounder,  electric,  086 
Sounding  tube,  341 
Sound  waves,  characters  of,  359 
length  of,  371 
reflection  of,  318 
Soups,  preparation  of,  604 
Sources  of  light,  .179 
Space,  38 

unit  of,  201 
Spark,  electric,  000 
Specific  gravity,  00 
bottle,  83 

of  bodies  lighter  than  water,  08 
of  liouids,  83,  84 
of  solids,  09 
of  soluble  bodies,  08 
of  powders,  08 
volumetric  method,  07 
heat,  M7 

determination  of,  509 
Spectacles,  474 

Spectra  of  stars  and  planets,  38."i 
Spectroscope,  530 
Spectrum,  430 
analvsix,  542 
colors,  432 
projection,  405 
Speech,  372 

Spherical  aberration,  419,  453,  478 
Spherical  lenses,  forms  of,  440 

parts  of,  445 
Spheroidal  state,  85 

of  liquids,  593 
Sphvifinograph,  115 
Sphvumophone,  116 
Spiral  chiiiiI,  370 
Spirilla,  517 
Spirit-level,  99 
Stingy  iron,  2*7 
Sprengel's  air-pump,  153 
Spring*,  superficial  and  deep,  95 
Staining  microscope  objects,  51 :» 
Stage  of  microsfope,  495 
Stanhope's  eyepiece,  1 9.1 

lens,  479 
Stap**i«,  375 
Stars,  3X5 

Static  electricity,  098 
Stave,  350 
Steam  engines,  578,  580 

exhaust  for  filtration,  286 
gauge,  189 
furniiees,  01 K 
pipes,  warming  by,  61 K 
Stellar  spectra,  547 


Stereoscope,  470 

Stethoscope,  327 

Still,  584 

Stomata,  305 

Stops,  454,  458 

Stoves,  vitiation  of  air  by,  302 

warming  by,  617 
Strangulated  hernia,  reduction  of,  208 
Stratus,  682 
Stream,  form  of  falling,  108 

from  lateral  opening,  105 

from  vertical  opening,  100 
Strontium,  spectrum  of,  543 
Student  lamp,  395 
Stupor  from  cold,  012 
Subdivision,  by  solution,  40 

chemical,  41 

mechanical,  39 
Subdivisions  of  energy,  237 
Sub-stage  of  microscope,  499 
Suckers,  159 

and  animal  life,  101 
Sulphuretted  hvdrogen,  111 
Sun,  382 

Sunlight  illumination,  502 
Surface  influence  on  radiation  of  beat, 
003 

tension  of  liquids,  281 
Swimming  bladder,  compression  of,  212 

of  fishes,  92 
Sympathetic  vibrations,  843 
Synthesis,  434 

of  sounds,  300,  364 


TAMTAM  metal,  72 
Telegraph,  685 
Telephone,  0M 
Telescope,  421,519 

in  spectroscope,  589 
Temperature  and  dew  point,  5K6 

effect  on  solution,  245 

of  body  and  vaporization,  008 

remarkable,  500 
Tern |>ering,  72 
Tenacity,  75 
Tension  of  oxygen,  190 
Tents,  hygienic  advantage**  of,  301 
Tcrrotrial  tele-cope,  519 
TeMing  objectives,  488 
Textile  fabrics,  conduction  power  of,  for 

heat,  598 
Thallium,  spectrum  of,  543 
Theories  of  light,  379 
Thermal  unit,  509 
Thermoelectricity,  067 
Thermoelectric  series,  068 
Thermometer,  501 
Tberrn<  »metric  scales,  508 
Thermopile,  008 

Thin  films  and  polarized  light,  529 
Thomson's  galvanometer,  680 
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Thunder,  170,  649 
Timbre,  359 
Time,  38 

unit  of,  251 
Tin- lined  lead  pipes,  129 
Tissues  and  oxygen,  206 
Toepler-Holtz  electric  machine,  643 
Tolle's  amplifyer,  494 
Tone,  852 

vibrations  of,  357 
Torpedo,  696 
Torricelli's  experiment,  172 

theorem  of,  105 

vacuum,  173 
Torsion,  75 

electrometer,  682 
Tourmaline,  526 

pincette,  529 
Trajectory,  249 

of  projectiles,  258 
Transformation  of  energy,  233 
Translatory  molecular  motion,  278 
Translucent  bodies,  399 
Transmigration  of  matter,  54 
Transparency,  79 
Transparent  bodies,  color  of,  439 

media,  398 

mirror,  415 
Transpiration,  290 
Transverse  vibration,  313 
Treble  stave,  357 
Trees,  ascent  of  sap  in,  303 
Triangle,  musical,  338 
Trituration,  40 

Trunk,  electricity  applied  to  muscles,  709 
Tubercle  bacilli,*  517 
Tube  receiver,  145 

rheostats,  681 
Tubes,  calibering  of,  562 

inclined,  movements  of  fluids  in,  108 
Tuning-fork,  838 

in  opera  houses,  857 
Turbine,  126 
Twilight,  409,  427 
Tvmpanic  cavitv,  374 
Tympanitis,  209 
Tyndall's  battery,  659 


ULTRA-GASEOUS  state,  226 
Ultra-violet  spectrum,  54*1 
Undulation,  graphic  representation  of, 
315,316 
in  space,  31 'I 
in  tubes,  317 
relation  to  vibration,  312 
Undulatorv  theorv,  380 
Undershot  water  wheels,  126 
Unguents  276 
Uniaxial  crystals  521 
Unit  <»f  space,  251 
of  time,  251 


Unit  of  weight,  252 
Uri no  meter,  101 

rules  for  reading,  101,  102 
Utricle,  876 


VACUUM,  153 
by  chemical  agents,  155 

electric  discharge  in,  628 

imperfection  of,  45 

limit  of,  155 

Torricellian,  173 

tube,  226 
Valves,  121 
Vane,  electric,  629 
Vapor,  139 

defined,  139 

diffusion  of,  295 

elastic  force  of,  578 

instantaneous  condensability  of,  579 

of  water,  tension  of,  592 

properties  of,  574 

supply  of,  to  rooms,  619 

temperature  of  formation  of,  573 
Vaporization,  573 

a  cooling  process,  575 

causes  influencing,  574 
Velocities,  table  of,  248 
i  Velocity,  247 

of  sound  in  gases,  329 
in  liquids,  830 
in  solids,  381 
Vena  contracta,  106 
Venomous  serpents,  bites  of,  163 
Ventilation,  object  of,  614 

of  sewage  pines,  181 
,  Ventriloquism,  878 
Vertical  illumination  through  objective, 

502 
Vestibule,  376 
Vibrating  columns  of  air,  840 

plates  and  bells,  338 

rods,  337 
Vibrations,  amplitude  of,  382 

described,  311 

illustrated,  325 

limits  of  perception  of,  355 

red  light,  381 

sympathetic,  343 

tb  a  tone,  357 

violet  light,  881 
Vibriones,  517 

Vibrios,  first  appearance  of,  218 
Vinometer,  102 
Virtual  focus,  417 

of  lens,  450 
Virtual  images,  411 

by  convex  lens,  452 
Viscosity,  84 
Viscous  liquids  85 
Vision,  466 

binocular,  475 


INDEX. 


788 


Visual  ungle,  470 

distance,  472 

focus,  456  ' 

Vitreous  electricity,  622 

humor,  468 
Vocal  chords,  371 
Voice,  370 
Volt,  659 
Voltaic  decompositions,  662 

electricity,  origin  of,  653 
Voltameter,  663 
Volta's  electric  pile,  653 
Volume,  chunge  of,  in  fusing  and  solidi- 
fying, 570 

unit  of,  2f>2 

variation  in  liquids,  83 
in  solids,  66 
Vortex  atoms,  237 

rings,  51 

structure  of,  53 
Vowels,  372 


WALK  KK'S  battery,  657 
Warming  of  houses,  615 
Washing  bottle,  149 
Wa>te  pi|»es,  UK* 
Water,  conveying  and  storing,  127 

decomposition  of,  662 

development  of  power  from,  125 

expansion  of,  in  freezing,  571 

hummer,  171,  5H1 

pipe*,  12* 

superticial,  96 

tnuismi>»i<»n  of  impulse,  261 

transporting  |>ower  of,  110 

traps,  130 

valve  exhaustion,  1*7 

valvular  apparatus  for  raising,  121 

velocity  in  open  channels,  110 

wave*  in,  1 12 

wheels,  126 
Wave-.,  formation  of,  112 

height  of,  11;: 

length  of,  li:j 

length  of  -pert rum  line-,  546 


Waves,  molecular  formation  of,  315 

reflection  and  interference,  318 
Wax  candles,  396 
Weather  and  barometer,  181 

strips,  619 
Weber,  669 
Wedge,  its  action,  273 
Weighing,  58 

method  by  double,  60 
i  Weight,  56 

unit  of,  252 
Weight?,  58 

attachment  in  drowning,  94 
Welding,  74 
Wells,  95 

and  sewage,  96 

artesian,  96 

first  form  of,  117 
WheatMone's  bridge,  681 

rheostat,  680 
Wheel  and  axle,  271 

barometer,  178 
Whirling  table,  267 
WhUper,  373 
White  corpuscles,  194 
Wide  angle  objective,  4H2 
Wiedemann's  boussole,  680 
Wind,  558 

and  barometer,  181 
Windmill,  191 
Wollaston's  battery,  657 
Wood-cells,  circulation  in,  304 
Work,  British  unit  of,  255         * 

French  unit  of,  255 
Working  distance  of  objective,  483 
Worm  of  still,  584 


Y 


ELLOW  light,  438 


ZAMBOXl'S  battery,  650 
Zem,  displacement  of,  565 
Zig-zag  lightning,  649 
Zinc,  amalgamation  of,  654 
Zirconium  light,  389 


